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VER 1,000 ROUTES GLASGOW CENTRAL 


BRITISH RAILWAYS, 
FROM ONE CONTROL DESK SCOTTISH REGION 


With over 1,000 routes, believed to be the largest route 


relay interlocking in the world, operated from one control 

desk. It controls all functions as far as Larkfield Junction BRITISH 

on the Main Lines and Cook Street on the Gourock Lines, DESIGN 
comprising in this concentrated area approximately 11 miles 

of track, involving 90 main colour Light signals, 80 « West AND 

lyte » shunt signals and 157 sets of electro-pneumatically MANUFACTURE 


operated points. There are 243 track circuits, and miniature 


type plug-in relays have been used extensively. 
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Specialities : 


Traction problems. 

Electric locomotives. 
Car-sleeper-express. 
Diesel-hydraulic locomotives. 
Steam and Diesel locomotives. 
Butt welding of rails. 

Railway electrification. 
Railway signalling. 


Railway rolling stock. 


Speed indicators and recorders. 


Permanent way equipment. 


Lightweight railway coaches. 
Wagons. 


Axleboxes. 


Automatic slack adjusters. 
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Steam heating systems. 
Locomotives. 
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Diesel locomotives. 
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WERKSPOOR 


power cars for 


Trans Europ Express trains, 

which came into service in June 1957, 
quickly gained world-wide fame. 
These trains were built by Werkspoor, 
in co-operation with Swiss Induscrial Company otf Neuhausen, 
and Brown, Boveri & Co. Ltd of Baden, Switzerland. 

The power cars were designed and 

manutactured by Werkspoor. 

They are driven by Werkspoor RUHB 

high speed diesel engines, 

successfully tested to U.I.C. standards. 

Werkspoor RUHB type engines are famous 

for their long service between major overhauls. 

There are in service many Werkspoor locomotives, 

powered by RUB and RUHB type engines, 

which have run for well 


without overhaul. 
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Fifteen of these 3,000 h.p. 25 kV 50 cycle locomotives are being 
supplied to British Railways. Weighing 73 tons in working order, the 
locomotives are for use on the recently opened Manchester-Crewe 
electrified lines of the London Midland Region. 

*“ENGLISH ELECTRIC”’ equipped the first 25 kV A.C. multiple 


unit stock to operate in Great Britain. 
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Achievement 
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Designed and built by * Integral Tubular 


Construction 
Metro-Schlieren Bogies 
Quiet riding 


Adjustable Reclining 


Seats 


* Air-Conditioning 


FOR THE PULLMAN CAR .CO. LTD 


Special Gangways. 
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* Simple and self-securing 


* Attractive in cost in view of reduced maintenance and replace- 
ment expenses 

* ‘Transversely stiff and vertically e 
Definitely anti-c reep 49 kgim rails - wooden sleepers, Norwegian State Railways 


e* Equally serviceable on timber and concrete sleeper 
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* Excellently suited for pre-assembly 
* Secure and safe 
* Constant spring pressure on the rail at every point of contact 
independent of the means of securing the soleplate to the sleeper 
* ‘The best security against sun-buckling, irrespective of the 
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* Track security and economy 


The Hey-Back System c mapTisS only two types of components—a 
rolled steel s olepla >anda spri clip. The soleplates can be fastened 109 /b./yard rails - wooden sleepers British Railways 


by conventional methods. Once secured, they need never be dis- 
turbed. The spring clips are easily entered and driven home, and as 
easily released, yet resisting all forces caused by the movement of 
the train. Correct position of the spring clip is ascertained at a 
glance during routine inspections. Resilient pads can be used, both 
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as shock-absorbers and to provide insulation for track signalling. 
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49 kg/m rails - concrete sleepers, Norwegian State Railways 
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totalizing an output 
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3 MILLIONS HP. 


ve. 3 500 H. P. 68 metric tons. French National Railways 
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TELOC Speed Indicators and Recorders are known 
and appreciated throughout the World, as they permit 
exact observing of speed regulations and therefore con- 
tribute to the safety of passengers. Further, valuable 
information is provided to the Railway Traffic Manager 
for the re-organisation and speeding up of services. 
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Speed of trains in curves, 


by A. JACops, 


Chief Civil Engineer, Belgian National Railways. 


A. GENERAL OBSERVATIONS 
ON SUPERELEVATION 


It is generally assumed that the theo- 
retical cant of standard gauge track in 
curves is calculated from the formula : 


V2 V2 


h = gop = 0.0118 R (1) 
where : 
h = superelevation (in m), 
V = speed of the train (in km/h), 
R= curve radius (in m). 
The coefficient 85 which takes into 


account the track gauge and the gravity 
constant, is subject to slight variations 
depending on the precise value assumed 
for the distance between the running 
treads. 

But there is also general agreement that, 
in practice, this formula cannot be regard- 
ed as wholly satisfactory. This is due to 
two circumstances : 


1° a track is normally used by trains of 
greatly different speeds : a track should 
therefore, in theory, have a variable 
cant which is, of course, impracticable; 


2° when the formula has been solved for 
V, i.e. when the speed admissible for a 
curve of given radius and cant has been 
calculated from it, it is nevertheless 
found possible to work at a consider- 
ably higher speed; in particular, if the 
cant is zero — as is usually the case in 
the deviated line of points and slip 
points — the strict application of the 
formula would yield V =O so that, 
theoretically, all traffic would have to 
be stopped whereas, in fact, speeds of 
at least 30 or 40 km/h have always been 
authorized over points and crossings. 
One has therefore gone over to adding, 
to the second member of equation (1), a 
negative and sometimes variable corrective 
term so that the equation assumes the 
following form : 
V2 


hie gaye 


(2) 

The value a is conventionally known as 
«cant deficiency »; its physical origin is 
the lack of balance of part of the centri- 
fugal force which is encountered when a 
vehicle negotiates a curve. 


We shall here refrain from discussing 
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this formula which was debated at the 
Paris Congress in 1937 (cf. « Bulletin » of 
February 1937). In the following, the 
term a is assumed to be constant, and 
equal to 0.09 m. 

This time, the equation can be solved 
in respect of V without the risk of obtain- 
ing an unrealistic result : 


V = VJf85 R(A +2). (3) 
Even if h = 0, one obtains a reasonable 
result for V, and even negative values of h 
are admissible within certain limits. 
Formulas (2) and (3) have been adopted 
in numerous countries. To our knowledge, 
however, there are but few administrations 
which distinguish between curves with 
transition sections, and curves without 
them. True, all the regulations nowadays 
prescribe the use of transition curves at 
the ends of curves, and between curves 
with curvature in the same direction but 
with different radii. But there are, in 
practice, numerous cases where a curve 
is not provided with transition sections, 
and these cases are undoubtedly rather 
undesirable. They are, for instance, 
encountered where a through track pas- 
sing through a station is slightly deviated 
by minor curves inserted between groups 
of points and crossovers, or bridges, and 
the provision of transition curves is 
consequently precluded by lack of space. 
A more complicated case arises where, 
despite the absence of transition curves, 
the track is given a cant, which may 
happen in exceptional cases. There are 
the cases, too, of bifurcations and cross- 
overs. 
To discuss this question, equation (3) 
may be transformed into : 
V2 
R 


= 85h + p. (4) 
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where the term p, equal to 85 a, stems from 
the assumed cant deficiency and is directly 
proportional to the non-balanced part of 
the centrifugal force as well as to the 
transverse thrust exerted by the wheels on 
the outer line of rails, ignoring the guiding 
force which does not enter into consider- 
ation here. It is known that, for a = 


; : 0.09 
0.09 m, this thrust is equal to io == (Oe 


i.e. to 60 kg per tonne of axle load. For 
simplicity’s sake, the term p will, in the 
following, simply be called the « thrust », 
it being understood that its value is merely 
proportional to the thrust (viz., 127 times 
as great). 

In applying formula (4), p is always 
given a maximum value ps so that the 
equation can be used to work out the 
permissible maximum speed. Except on 
sections where a speed restriction is in 
force, the speed V rarely attains that value, 
and the true value of the thrust can be 
calculated by solving equation (4) in 
respect of p. This value must thus always 
be lower than py or, at the most, be equal 


to it. Equation (4) can therefore be re- 
placed by the relation : 
V2 


If a is assumed to be 0.09 m, the ma- 
Ximum thrust thus becomes py = 7.6, 
and this is the value assumed in the 
following. Some administrations work 
with a = 0.10 m, i.e. pm = 8.5. 


B. CURVED TRACK WITH A 
MATHEMATICAL DISCONTINUITY 


1. — General. 


If the are of a circle is linked to another 
circular are or to a straight line by means 
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of a transition curve, the mathematical 
continuity of the alignment is regarded 
as ensured. This is not the case if the 
transition curve is omitted. We shall 


first of all assume the most general case 
of two co-tangential circular arcs, with 
the radii R; and R>, curving in the same 
direction, and shall adopt the convention 
that R> is always greater than R; (fig. 1a 
and 2 a). 


¥a(py-P2)] \ t 


} 


P}-P2 


When an axle passes over a given point 
of this kind, it is subjected to a more or 
less violent lurch due to the variation in 
the thrust which is exerted on it trans- 
versely. Whilst the axle, when running on 
the section with the radius Rj, is subjected 
to a thrust pj, it is subjected to a thrust p2 
when running on the curve with the 
radius R>. The variation in thrust amounts 
to pj —p2 OF p2— pj, depending on the 
direction of running. 

But, irrespective of the latter, the 
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immediately occurring change of pressure 
at the contact with the rail gives rise to a 
phenomenon resembling that of an abrupt 
load application, a notion studied in the 
theory of the strength of materials, and 
resulting in a momentary increase in the 
effect of the forces actually at play. In 
theory, this effect is to double the stresses 
calculated for the static condition. Here, 
taking into account the elasticity present 
not only in the vehicle suspension but 
also, to some extent, in the track, and also 


FIG. 2a 


/3(po-P,) 
{sate a 


in view of the fact that the different axles 
of a vehicle do not attack the point of 
discontinuity simultaneously but succes- 
sively, the momentary increase in the 
variation of the force may be assumed to 
be not greater than one-third of the latter. 
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2. — Running from the R> curye to the 
R, curve. 


If, at point T in figure 1, an axle passes 
from the R» curve to the R, curve, the 
variation in thrust amounts to p; — p2, 
which is a positive quantity. Immediately 
ahead of this point (cf. fig. 1 5), the thrust 
is pr; immediately beyond that point, it 
amounts to : 


4 4 
P2 + 3 (pi — p2) oF 371 — 322 (6) 


before it drops to p;.. But on no account 
must the value of (6), however momentary 
it may be, be allowed to exceed py. 


By substituting for p; and p> the values 
obtained from (4), one obtains : 


y2(s 1 


z 3 
ye) < 64h + 4PM (7) 


where / is the cant at the common point 
T of the two arcs, and has a given and 
known value, even if the cant varies in the 
vicinity of the tangential point. Under 
the assumptions made above, one obtains : 


3 
4PM = fs 


Special cases of interest. 


a) If, in formula (7), R> becomes infinite, 
which corresponds to the case of a vehicle 
entering a curve, one obtains : 

V2 


3 
—- <64h+ = py or 


% 5 64h + 5.7. (8) 


It will be seen that the second member is 
smaller by one quarter than it would be 
according to formula (5). If, for a given 
radius and cant, the speed is worked out 
in each case, the value obtained from 
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formula (8) amounts to no more than 0.866 
of the value obtained from formula (5), 
corresponding to a reduction of 13 %. 


It is therefore desirable to provide a 
certain superelevation at the entrance 
point of a curve although, if it is possible 
to provide a cant, it is generally also pos- 
sible to provide a transition curve. 


In any case, the cant must remain 
below a certain limit value so as to prevent 
the thrust p on the straight track just 
ahead of point T from exceeding a permis- 
sible maximum value. Reverting to 
formula (5), the axle which has not yet 
entered the curve proper is merely affected 
by the radius R which, in this case, is 
infinite : 

V2 


85h >— py + eo 


(9) 
hence : 


_ | Pm 
h< [Ee (10) 


i.e. 0.09 m (absolute value). 
h must therefore remain smaller than 0.09. 


b) The most commonly encountered spe- 
cial case is that of A = 0, when : 
pees 


R 4 


iu or 37 (11) 


hence : V <= 244-R. (12) 
c) If the direction of the curve with the 
radius R> is changed, i.e. if one has to 
deal with an S-curve (again without 
transition sections), and if the vehicle 
moves from the curve with large radius 
into that with small radius, one obtains 
from formula (7), by changing the sign of 
Rae 


ee 
R, ta 4 R S tr ap: (13) 


JUNE 1961 


In view of the fact that, in this case, 
h would normally be zero, one obtains : 


1 1 45 
UA + cz} <qpm or 5.7. (14) 


The most frequent case is that of two 
curves with equal radius, ice. : 


R S 5 PM or 4.6 (15) 
whence : 
Posed) «/ R. (16) 
3. — Running from the R; curve to the 
R> curve. 


It is also necessary to contemplate the 
direction of running from a curve with 
small radius to a curve with large radius. 
In this case, the variation in thrust be- 
comes p2— pj, i.€. a negative quantity 
being directed towards the centre of the 
curve (since, in accordance with the 
convention here adopted, the absolute 
value of p; is always greater than that of 
p2). It can, incidentally, not be ruled out 
that the final value of p> in itself may 
become negative. In any case, the ma- 
ximum thrust py which must not be 
exceeded is now also directed towards the 
centre of the curve, and must thus be 
taken as negative. 


In the circumstances, and following the 
same argument as before (cf. figs. 2a 
and 24), one obtains : 


4 
Dias 3 (P2 — Pr) or 


1 
qe eli (17) 
hence 
l 1 3 
ee ee ee een fe ae LL 
Ae heres rR) 2%" gem: (18) 
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Special cases of interest. 


a) If, in formula (18), R> becomes infinite, 
which corresponds to the case of a vehicle 
leaving the curve, one obtains : 

y2 
Ry 


<—4x 64h + 3pm or 


25256 icin? 2-8. (19) 


This formula must be compared with 
(5), which applies to the curve proper. The 
second members are equal if h = 0.045 m. 
For a lower cant, (5) yields a higher value 
than (19), which means that there is, in 
this case, strictly speaking never any 
need for a transition curve. With a higher 
cant, the opposite is the case, and formula 
(19) must be allowed to govern conditions 
at the exit from the curve, though only 
up to a value of h = 0.09 m, as the second 
member would then become zero and the 
result negative, which is obviously un- 
realistic. 


Formula (19) must also be compared 
with (8), as it is always possible that the 
direction of running of the trains might 
be reversed, and that the exit point of a 
curve becomes the entrance point. For 
a cant smaller than 0.053 m formula (8) 
must be followed. For a greater cant (up 
to the maximum of 0.09 m), it is again 
formula (19) that must be observed. 


b) The most frequent case is obviously 

again that of h —0: 
2 

ees i835 


or 22.8 
R 


(20) 


hence : 


Vie 42\/ R, (21) 


This formula appears to yield a more 
favourable value than formula (12). Norm- 
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ally, however, it is not possible to make 
use of it, since the speed is limited from 
the outset by the maximum speed which, 
according to formula (5), is permissible in 
the curve proper (h again being zero). 

But a comparison of formulas (21) and 
(12) will make it clear why, other cir- 
cumstances being equal, leaving the curve 
always appears to be «easier » than 
entering the curve. 


c) Also in this case, one might consider 
the special case of the S-curve, it being 
understood that the movement takes place 
from the curve with small radius to the 
curve with large radius. Formula (18) 
then becomes : 


1 I 
Ro 4 R, 


and, as the cant will normally be zero : 


l l 

ee ( R> 1 4 R, 

Compared with (14), the parts played by 
R, and R> are now reversed. However, 
as it has been assumed that R> is always 
greater than R;, the value in brackets is 
greater in formula (14) than in formula 
(23), and the resulting speed is lower in 
the former case than in the latter. 

In the extreme case, where R> becomes 
equal to R;, formulas (14) and (23) are 
identical. 


v2 ) > 64h — Fm (22) 


3 
SGP or 5.7. (23) 


C. GENERAL DISCUSSION 


Before following up the application of 
the theory to other cases of interest, it 
appears desirable to examine the results 
obtained with the aid of graphs. 


First of all, one might, by regarding 
be i d / 
Ri > Ry an 1 
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as independent variables, resort to a three- 
dimensional presentation. But such a 
presentation, reduced to the two dimen- 
sions of the paper, would not be very 
useful in practice. It would appear to be 
preferable to use a two-dimensional pre- 
sentation by eliminating the / axis or, in 
other words, by treating 4 as a parameter. 
This has, in fact, been done in figure 3, 
where a value of py = 7.6 has been as- 
sumed. 

The strongly inclined straight lines are 
those representing equation (7) without 
the inequality sign (passing from a curve 
with large radius to one with small radius), 
whilst the less strongly inclined straight 
lines represent equation (18) (passing from 
a curve with small radius to one with large 
radius). The figures shown against the 
straight lines indicate the cant in centi- 
metres. The families of straight lines are 
limited to the bisectors OB and OB’ since, 
in accordance with our convention, R»> 
is greater than R;. The part of the graph 
on the side of the negative R» values 
indicates S-curves. 


To be admissible in practice, a system of 


79 ae 


values on 7 


left of, or above, a straight line of each 
family corresponding to the existing or 
assumed cant. If it is necessary to take 
both directions of running into account 
simultaneously, the point on the graph 
must, at one and the same time, conform 
to both conditions. In other words, the 
point must be located within the triangle 
or quadrilateral formed by the two 
bisectors and the straight lines of equal 
cant selected from each family. 

Thus, the point marked F will be suitable 
for cants higher than 4 and lower than 


must be located to the 
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we CAS DE DEUX CERCLES DE RAYONS R; ET R» 
2 TANGENTS ENTRE EUX (R, < Ro) 


20,4 
B \ 


ina 


—— 


-4 


N.B. — Cas de deux cercles de rayons R, et R> tan 
with the radii R; and R2.— Courbes en S (dévers 


in relation to R32). 


12 cm, whilst point G is only suitable for 
values of 6 and 7 cm, and point H must be 
ruled out altogether. 

Figure 4 has been plotted for curves 
with a single radius, not provided with 


| 


COURBES EN S 


(dévers contraire par 
rapport a Ro) 


FIG.3 


gents entre eux = case of two tangential circular arcs 
contraire par rapport 4 R2) = S-curves (cant opposite 


transition curves. If we assume that, in 
the preceding graph, we have actually set 
up an A axis perpendicular to the plane of 
the paper, the graph will show what 
happens in the vertical plane of co-or- 
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h CAS DUN ALIGNEMENT TANGENT A UNE 


COURBE CIRCULAIRE DE RAYON R. 


ae ee 


11 


10 


0 
2 A othe © 7% 10 12 4 16 18 20" «32 
57 76 
FIG.4 
N.B. Cas d'un alignement tangent A une courbe circulaire de rayon R = case of a straight tangential to a 
curve of radius R. — Entrée en courbe = entering the curve. — Pleine courbe = full curve, — Sortie de courbe 


leaving the curve, 


Be: 


dinates passing through the Ae axis. The 
1 


characteristic straight lines are marked 
with the number of the equations which 
they represent. 


To be applicable without restriction, a 
fd 


representative point (— h) must be loc- 


ated within the quadrilateral formed by 
the straight lines (8) and (19) on the one 
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hand, and by the axes of the co-ordinates 
on the other hand. 

Like figure 3, this graph shows under 
what conditions negative cants can be 
tolerated. 

If a point is situated outside the triangles 
or quadrilaterals described above, this 
implies that the thrust exceeds the permis- 
sible maximum value pm. 


D. INTERRUPTED CURVES 
1. — General. 


For the purpose of authorizing a maxi- 
mum speed, it is often necessary to decide 
how to deal with a curve (of constant or 
varying radius) interrupted by a short 
section of straight track, or also with a 
system of curve and counter-curve, if 
these curves are not directly contiguous 
and are not provided with transition 
curves. 

If one tries to interpret the relations 
established in the foregoing sections, it is 
found that : 


1° the effect of entering a curve is repre- 
V2 
ed by —; 
sent YR 


2° the effect of leaving a curve is repre- 
sented by an expression of similar 
form but reduced to a quarter, and 
manifests itself as a lessening of the 
thrust (negative sign) if the curves are 
in the same direction, and as an in- 
crease in thrust (positive sign) if the 
curves are in opposite directions; 


3° the overall effect is compared with 
the permissible maximum pressure 


(Fo or 5.7] taken in the direction 


towards the outside of the curve 
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(positive direction) if the vehicle runs 
in the direction in which the curvature 


becomes sharper (i.e. towards the 
section with smaller radius), and 
taken in the direction towards the 


centre (negative direction) if the vehicle 
runs in the direction in which the cur- 
vature eases (i.e. towards the section 
with greater radius); 


iN naa, 
| 
| 
| 


RIGES 


4° in either case, the permissible thrust is 
shifted to a higher limit (positive 
direction) by the effect of the cant 
which is expressed in the form 64 h. 
For contiguous curves, this interpreta- 
tion is illustrated by figures 5 and 6. 
But if the two circular arcs are separated 
by a straight line, the effect of leaving the 
curve is reduced and will even tend to 
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disappear after a certain rather short 
time f, in accordance with a law which is 
assumed to be linear and depends on c, 
a constant denoting the rate of speed at 
which the thrust decreases. 

In figure 7, the letter T marks the exit 
point of a curve, and 7’ the entrance point 
of a following curve which may or may not 
have the same direction of curvature. 
Also, let 7 be the length of the straight 
section between the curves, and /y the 


length of the section TD along which the 
thrust is damped, i.e. the maximum section 
still justifying the application of the notion 
«curve interrupted by a short straight 


section ». For, we shall ignore the fact 
that the thrust might tend to fluctuate 
during a certain period of time on either 
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side of the zero point. A longer inter- 
ruption would render the two branches of 
the curve independent of each other. In 
these circumstances, we obtain : 


V2 
= —_ 24 
: 4 Re sai 
ads 25 
and lM — Vt = 4 Re “ V. ( ) 


If a second curve begins at 7’, i.e. before 
the thrust due to the first curve is complet- 
ely eliminated, the reduction in the thrust 
obtained at T’ works out at : 


a AS | cl 
rare ie eet 26 
4R I V (28) 
| 
Siu. =: = le 
oe 
= A a. ee 
R a \ ed. Soke | 
| 
: i D 
FIG.7 


In all the preceding relations, the terms 
relating to the curve just passed must 
therefore be reduced, in absolute value, by 
rs sk . 
yp in order to take into account the pre- 
sence of a short intermediate section of 
straight track. 


It is now essential to determine the value 
of c which, to our knowledge, has not yet 
been determined experimentally. Logically, 
this value should be constant for a vehicle 
of a given type, but shall vary as between 
one type of vehicle and another; it is 
therefore necessary to try and obtain this 
value empirically. 

An examination of the question in the 
light of present experience shows that a 
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value of 15 corresponds reasonably well 
to operating requirements and to the 
methods at present in use. 


2. — Curvatures in the same direction. 


This case is encountered at deviated lines 
of bifurcations and at points and crossings 
placed, separately or in groups, in curved 
track where the switches and crossings 
themselves do not have the same curvature 
as the through line, but are straight and 
tangent. 

Consider a curve with two radii as shown 
in figures la and 2a and imagine it being 
cut apart at the tangential point 7. Imagine, 
moreover, the two parts being removed 
from each other and the gap filled by a 
tangential section of straight track TT’, 
having the length /. We are then again 
confronted with the position shown in 
figure 7. 

If we now revert to relations (7) and (18) 
and introduce into them the corrective 


cl ; 
term ——, we obtain : 


V 
1c ie. as 3 

4 Pca fd 4 a 27 

a ey gem (27) 
V2 V2 cl 3 

~“ eS eee mn OS 

Ro AR, Sua¥ 1 qPM (28) 


according to the direction of running. 

In this general form, these relations are 
applicable to deviated lines of groups of 
points and crossings. The equations are of 
the third order in respect of V. To facilitate 
their solution in regard to this variable, 
the value of V appearing in the denomina- 
tor of the corrective term should first be 
estimated, and the value of V obtained 
from the first two terms should be cal- 
culated. If necessary, this procedure 
should be repeated so as to obtain suc- 
cessive approximations. 
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If, in the two preceding formulas, / 
assumes the value /y, it will be seen that 
the first of these formulas leads back to 
equation (8) whilst the second formula 
proves once more that the cant at the 
exit point of the curve must not exceed 
0.09 m. 

Where the through track of the points 
lies in a continuous curve, the preceding 
formulas can be applied provided that one 
sets R,; = R> = R, which leads to the 
twin relation : 


A cr V2 
St ah ap a 
4 el 
z cae! Sank, 
85h + pm 3-7 (29) 


In practice, however, conditions are 
such that there is little point in taking the 
first of these inequalities into consideration, 


P cl : 
The corrective term VY merits some fur- 


ther discussion. As the factor c marks the 
(constant) rate at which the thrust de- 
creases at the exit from a curve, it will 
be seen that the corrective term is the 
greater the longer the straight section 
interposed between the curves. This ap- 
pears to be quite normal, and it is found 
that, if / attains or exceeds the maximum 
value : 
ef pon “hg oa VR 
4 Ric 4 Roc 


(where R,; and R> are the radii of the arcs 
of the circle just passed), the two arcs must 
be regarded as being completely inde- 
pendent of each other. Moreover, the 
corrective term is the smaller the greater 
the speed V, due to the fact that, with c = 
constant, a higher speed V will result in 
a greater distance /y over which the thrust 
is eliminated, and in a smaller loss of 
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thrust over a given section /. In the 
extreme case, if V is very great, the cor- 
rective term becomes imperceptible and, 
owing to their suspension, the bodies of 
the vehicle will hardly react to the dis- 
continuity in the alignment, encountered 
by the wheels. 


One might like to calculate separately 
the amount of the reduction in speed 
resulting from the interruption of a 
curve by a short section of straight track. 
If AV is the loss in speed, one obtains 
approximately : 

R 


(30) 

In practice, the requisite reduction in 
speed is of the order of 3 to 10 km/h, and 
is, as already mentioned, the smaller (for a 
given radius) the greater the speed. Be- 
cause of the rounding of the final figures, 
it is advisable to calculate the permissible 
speed direct from formula (29), and not to 
reduce, by an already rounded figure 
obtained from formula (5), the result 
obtained from formula (30). 


3. — Curvatures in opposite directions 
(S-curves). 


This case is of particular interest because 
of the crossovers in straight track. Let us 
therefore first of all assume that the cant 
isieero, 

The introduction of the corrective term 
into equation (14) yields : 


thie at a cl 
Rye) aR ap 


vo 
SP OFn Pets (31) 


Relation (23), which applies to running 
in the opposite direction, yields a similar 
equation. In most cases, however, the 
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radii are the same, i.e. Ry = Ro = R; 
hence: 


iva 


fhe 4.6+—. (32) 


be ee at 
Sa 


Rr < 5PM ae 

To calculate the connecting sections in 
cases where use is made of switches of 
given and known characteristics, this 
equation is, in general, solved for /in order 
to determine, from this value, the necessary 
distance between tracks : 


2 Vv 
1>(—46) 5 


R 12’ co 


An S-curved layout is sometimes also 
encountered where the through line of 
crossing tracks is in a continuous curve. 


E. SWITCHES 
1. — General. 


The theory developed above also permits 
the calculation of the permissible speed at 
switch-tips where the angle of switch 
forces the vehicle to change direction. 


Consider (in fig. 8a) a switch with the 
straight stock rail represented by DE and 
the tongue, having the angle of switch «, 
by PF. The angle « is always sufficiently 
small to enable the sine and the tangent, 
without any significant error, to be sub- 
stituted for the arc, and to enable the 
cosine to be taken as unity. Section PF, of 
the length a, is straight; it is followed by 
a section of curve FG with the radius r, 
which may or may not form part of the 
switch proper. It may also happen that 
the length a is equal to zero. 


On this deviated track may be super- 
imposed a straight line AB of length d, 
representing a vehicle reduced to its 
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h=0 56 65 46 


| 

| 

Vitesses calculées| | | 
h=006 72 84 59 | 62 


reds bs | 
| | 


— shae“d 
aa er paw |e | 


A SSS 


——— 
Tire | 


FIG. 8c 


Vitesses calculées | 
| ee ¥——65. = 42 


49 


49 62 


h=006 V—~84 65 55 


Fig. 8. 


N.B. — Vitesses calculées = calculated speeds. — Rayon de courbure 


= radius of curvature, 
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centre line (d > a) and supported on the 
section of track concerned at its ends A 
and B, representing its axles or bogie pins. 

When moving, this vehicle describes a 
succession of curves of small development 
and different radii; in any position, the 
momentary centre of rotation, C, is 
located at the intersection of the perpen- 
diculars drawn through A and B in respect 
of the trajectories followed by these moy- 
ing points. During this movement, several 
phases may be distinguished, separated 
from each other by characteristic positions 
occupied by points 4A and B on their 
itinerary. 


2. — Movement from D to G. 


The movement of AB can be followed 
on the scale drawn at the bottom of 
figure 8b, and the heavy line at the top 
of that illustration indicates the value of 
the radii of the curves negotiated by the 
vehicle, related in each case to the location 
of point B. 


Position I’ : Point B is just ahead of 
point P; the two perpendiculars intersect 
in infinity, and the vehicle is in a straight 
alignment. 


Position I’ : Point B has just passed 
point P; the perpendicular at the latter 
point is suddenly placed perpendicular to 
PF; the angle formed by the two per- 
pendiculars amounts to « and their point 
of intersection has the distance : 

Ry -, (34) 

This is the radius governing the move- 
ment of the vehicle during the first phase. 
The curve has been entered without a 
transition curve, and the permissible speed 
at this point is given by formula (8) : 
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V2 <(64h + 5.7) 2 (35) 

Position II : Axle B has arrived at F; 
the leading axle of the vehicle leaves the 
curve of radius R; and enters, without 
passing through a transition curve, the 
curve of radius r. We can now use for- 
mula (7) which is normally applicable 
to this case, and obtain : 


r 


V2 <(64h + 5.7) (36) 


ar 
job ea 
4d 
Position III’ : The rear axle A is arriving 
at point P without, however, having quite 
reached it; the angle formed by the two 
perpendiculars, previously equal to «, has 


=a 
increased by the value and the ra- 


dius R has gradually assumed the value : 


d 


d—a 
is 


Ry — (37) 


r 


Position III’ : Axle 4 has passed point 
P, and the perpendicular at this point is 
inclined at the angle «. The angle is now 


reduced to the value ——— so that the 
radius abruptly changes to : 
d 
R = ta" 
m =z (38) 
r 


The sudden transition from the small 
radius Ry to the large radius Ry, brings 
formula (18) into play, but as this condition 
is always realized in practice, there is no 
point in insisting on it. 

Position IV : Axle A reaches point F so 
that the vehicle has now fully entered the 
curve of radius r; it can be assumed that 
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the transition from III to IV is not govern- 
ed by the curve entry conditions of for- 
mula (8), since the leading axle is already 
in the curve while the second axle occupies 
a favourable position, slightly inclined 
towards the curve; in this case, formula (5) 
can be applied directly, viz : 


V2 < (85h + 7.6)r 


The heavy line in figure 8 4 is drawn to 
scale and has been obtained by applying 
the foregoing to an actual turnout. The 
figures shown against it indicate the speed 
calculated with the aid of the formulas 
given above. The numerical data were : 


oA Oa ge A Same ip Se 


For d, the figure that appears to be most 
suitable has been adopted, viz. 10. 


3. — Movement from G to D. 


If the vehicle moves in the opposite 
direction, it will be guided by axle A. The 
curve radii of the trajectory of the vehicle 
remain the same, though the diagram in 
figure 8c differs from the preceding one 
because the calculated values of the radii 
are plotted for the successive positions of 
point A (instead of B), and the effects of 
the abrupt changes of radius are not the 
same. 


Position V : Emergence from the curve 
of radius r; the speed must not exceed the 
value given by formulas (5) or (19). 

Position VI’ : Before point P is reached, 


d—a 
the perpendiculars form the angle reer wks 


and the radius is : 


ie) 
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Position VI'' : beyond point P, the 
angle is increased by « and the radius 
becomes : 


As the movement is from the larger 
radius Ry to the smaller radius Ry;, one 
obtains : 


V2 <(64h 4 


=) (BL?) 


Position VII : The vehicle has arrived, 
though without passing through a transi- 
tion curve (parabolic or similar), in the 
curve of radius : 


d 
Ryn 0 Ry. 
a 


The movement is from the smaller to the 
larger radius, giving rise to virtually no 
speed limitation. 


Position VIII’ : The rear axle B has not 
yet passed point P, and the curve described 
still has the radius Ryjr. 


Position VIII’’ : Axle B has passed 
point P and the two perpendiculars to the 
trajectory are parallel; the vehicle has 
emerged from the curve, and the speed is 
limited to the value obtained from for- 
mulas (5) or (19). 

The figures inscribed in figure 8c 
relate to the same actual turnout as the 
one on which the preceding figure 8 b was 
based. 


4, — Discussion. 


The turnout which serves as an example 
in the preceding considerations was ori- 
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ginally designed for an authorized speed 
of 50 km/h without superelevation, and 
60 km/h with an overall superelevation of 
60 mm. It will be seen that the agreement 
is not perfect, especially if the point is 
negociated from heel to tip. There was 
admittedly, at that time, no precise rule 


for the angle of switch, and turnout curves 
could exceptionally be regarded as being 
provided with transition curves. When 
entering from the tip, the critical moment 
is that at which the switch curve is reached. 
When entering from the heel, the combined 
effect of the curve and of the deviation at 
the tip of the tongue is even more detri- 
mental. This explains why the shock on 
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leaving the switch is generally greater than 
that on entering it. 

It is found that, on the whole, the value 
d—10 can be regarded as satisfactory. 
This is mainly apparent from other com- 
parisons with current practice which 
yield results that are sometimes in agree- 


ment and sometimes, as in the concrete 


example just discussed, in slight dis- 
agreement. 
F. TRACK ALIGNMENT 


FOLLOWING THE CHORD 


There is a method of arranging points 
and crossings in curves in such a way that 
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the main lines of switches, acute and 
obtuse crossings are placed in a through 
track forming a continuous circular curve, 
but follow the chord of that curve without 
themselves being curved. Let us see the 
effect which this arrangement may have 
on the speed. 


Let (in fig. 9 a) PQ = a be the length of 
one element of such a layout, located in a 
continuous curve DE with the radius R. 


Position I’ : the vehicle, of length d, is in 
the position AB, with axle B just appro- 
aching P; the curve radius is R. 


Position I’’ : If B has just passed point P, 
the perpendicular at that point will be the 
line PN’ normal to PQ; the angle < between 
the radius and the perpendicular at P 


amounts to = whilst the angle between 
the radius through A and the perpendicular 
d a 
: Sogou ; 
at P will be RR hence : 
d R 
Ri == = , (40) 
Lathe las | Peale 
Re tik  2£e 


a value which is smaller than R (fig. 9 ). 


_ We then obtain with the aid of formula 
(I) x - 
V2 < (85h + 7.6) ———. 


eee 
3d 


(41) 


Position II’ : While B negotiates the 
straight section PQ, the radius changes 
progressively. At Q, the angle formed by 
the perpendiculars assumes the value : 
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so that the radius becomes : 


R 
= (42) 


lid 


Position II’ : As the front axle has passed 
point Q, the whole vehicle is again moving 
on the curve of radius R as if the anomaly 
of the section PQ had not existed. Taking 
this abrupt change in radius into account, 
we obtain the speed permissible at this 
point : 


Ry = 


| 


oe Care eye 


aga aie 
+ $d 
Positions III and IV : the phenomena here 
encountered are inverse to those described 
above; they are more favourable from the 
point of view of permissible speed and 
shall not be further discussed here. 

Of the two formulas (41) and (43), it is 
the former which imposes the more 
restrictive speed limit. 


In general, it is permissible to assume 


y2 <7 (85h + 7.6) R, 


which leads us back to formula (8) for 
entering a curve without transition curves, 
and calls for a speed reduction by 13%. 
It is of interest to note that, when the 
chord layout discussed above was introduc- 
ed, and before the theory outlined above 
had been evolved, a speed restriction of 
10°% was imposed intuitively. 

For radii greater than 800 m, the length 
of section a may become approximately 
equal to d. In this case, one obtains : 


Y2< : (85h +7.6)R (44) 
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and the speed reduction should be 23% of 
the speed which would be normally 
authorized in the absence of the points 
or crossings. 

Inversely, if it is desired to calculate the 
cant required for a given radius and a 
given speed, the two last-named formulas 
yield : 


4 
ae 


> 


V2 
0.0118 ai 0.09 (45) 


V2 
and A= =x 0.0018 ros: 0.09. (46) 
It will therefore, in certain cases, be 
sufficient to increase slightly the cant 
in order to avoid or mitigate a speed 
restriction which is regarded as unaccept- 
able. 


G. SUMMARY 


The preceding essay represents an 
extension of the conventional classic theory 
governing the calculation of the speed as 
a function of curve radius and super- 
elevation, taking into account a possible 
cant deficiency. This theory can be sum- 
med up in the relation recalled at the 
beginning of this article : 

V2 

sti 85h + pu (5S) 
which we have used with the value py 
= 7.6; this value, however, may be altered, 
for instance into 8.5, or 10 or even 12. 

The present study is mainly concerned 
with those cases where transition curves 
are absent, 1.e., where the curvature chan- 
ges are abrupt, and a further extension of 
the method permits the solution, based on 
the same principles, of the problems asso- 
ciated with angular junctions. 

The junction between circular curves 
turning in the same direction but having 
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different radii represents a case which is 
of little interest in practice but forms the 
basis for all further developments of the 
theory. It gives rise to two inequalities. viz. 


V2 V2 


Rae ope een 9 TOE (7 
Ah, are 


for running from the section with radius 
R» to that with radius R;, and 


V2 V2 


Sas DS hhS sh 
See" 


(18) 
for running from the section with radius 
R, to that with radius R> (R> is always 
greater than R)). 

But there are two special cases where the 
application of these formulas is of particul- 


ar importance; they are : the entry into a 
curve : 


a 
to 


< 64h + 5.7, (8) 


resulting in a speed reduction of 13%, of 
the normal speed governed by formula (5), 
and the exit from a curve : 

<4 (— 64h + 


Sal (19) 


V2 
R 
In these cases, the cant is often zero. 


The method permits the calculation of 
the permissible speed if a series of circular 
arcs curving in the same direction are 
separated by short straight sections as 
in a complex of points and crossings : 


V2 V2 ibs a 
yas 4 Tglod > 
R aR 64h + 5.7 7 (27) 
and 
- V2. 15/ 
ps — > = e) 
Ry aR, 64h — 5.7 7 (28) 


according to the direction of running. 
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If the radii are equal, one obtains : 


V2 _ 20 
oe SEG oe, |G 
R < 85h + 1.6 —— (24) 


The case of S-curves can be deduced 
from these formulas if the negative sign 
of the curve just left behind is converted 
into a positive sign. In most cases, there 
is no cant, and one obtains : 


ie asin oer, 14) 
a wag . 
2 y2 
Ss = 57 23 
Tf Pe 44 Bs SY 
and if the radii are equal : 
V2 
— <4.6 15 
R 4 (15) 


If the two arcs curving in opposite 
directions are separated by a short section 
of straight alignment, the relevant formula 


Is 
Pion (Yi2 y2 V2 
oak, RR, | 4; 

BSc eedd (31) 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 393 


and if, as with crossovers, the radii are 
equal : 


From a speed calculation point of view, 
switches represent complicated layouts 
and call, in each case, for a thorough study; 
suffice to recall here the effect on the speed 
of the angle of deviation (having the value 
TAKOTR Me (74)) 


without cant : 


- 
V2 =< 2 (pp) 
O 
and with a cant of 60 mm : 
Tete hes (35) 
oe 


Finally, in the exceptional case where an 
otherwise continuous circular curve con- 
tains a « flat » section of about 6 m 
length, the speed must be reduced by 13% 
of the speed normally permitted as if it 
was an entry into a curve without transi- 
tion curves (formula (8)). If the « flat » 
section is as long as 10 or 12 m, the speed 
must be reduced by 23%. 


[ 656 .25 (42) ] 


Further progress with the use of programme 
machines for the automatic operation of points, 


Underground Railways of London, 
by R. Det, O.B.E., M.I.E.E., M.I.MECH.E., M.I.R.S.E., 


Signal Engineer, London Transport Executive. 


The first installation of programme 
machines for the automatic setting of 
junctions was brought into operation in 
1958, and was described in the Bulletin 
of the I.R.C.A. for February 1959. 

During 1960, programme machines 


were installed on a branch line between 
Earls Court and Putney Bridge, and 
signal boxes which previously existed at 
Parsons Green and Putney Bridge on 
that line, have been abolished. 


Supervision of the programme machine 
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working on this section of the line is 
carried out from a temporary office si- 
tuated at Earls Court, but it is planned 
to provide a permanent supervision room 
at Earls Court, which can include the 
supervision of further installations of 
programme machines on the District 
Line. 

The map of the Underground Rail- 
way (fig. 1), shows the sections of Lon- 
don Underground Railways where the 
signalling of junction working is now 
operated by programme machines. 
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The programme machine carries the 
particulars for each train on the time- 
table for the whole day. The programme 
itself comprises a roll of plastic film 
20 cm wide, and the information for 
each train is in the form of a row of 
punched holes across the film. The 
programme roll is mounted on two rol- 
lers and is driven by a small electric 
motor through magnetic clutches, so that 
the roll can be moved in either direction. 

The holes punched in the programme 
roll are read by the machines by means 
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Putney Bridge. 


Figure 2 shows the track layout at 
Putney Bridge, and this presents no spe- 
cial problems for programme machine 
working. As will be seen from the dia- 
gram, there are through tracks through 
the station, and an additional platform 
road through which a portion of the train 
service is reversed. Crossover No. 8 
is not controlled by the programme 
machine, as this crossover is only used 
very occasionally for emergency working. 

The programme machines used are 
identical in design to those described in 
the article in the Bulletin for February 
1959, but an important change has been 
made in the identification of the train 
on the programme roll. 


of a series of feelers which actuate con- 
tacts. These feelers are pressed on the 
surface of the roll and where the feeler 
enters a hole in the roll, the contact is 
closed. Where there is no hole in the 
roll, contacts are kept open. 

In the present installation, in addi- 
tion to the information with regard to 
the destination of the train, the route it 
has to take, the actual number of the train 
is punched in decimal binary numerals 


on the programme roll and is read 
by the programme machine. With this 
arrangement, an illuminated number 


showing the number of the train being 
signalled is shown in the supervision 
room. 


Three sequence programme machines 
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are required at Putney Bridge, No. 1 to 
receive trains from Wimbledon, No. 2 
to determine the order of trains from 
Wimbledon or from the bay road plat- 
form, and No. 3 determines the working 
on the westbound track, either signalling 
the trains to Wimbledon or into the re- 
versing platform road. 
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Parsons Green. 


The track layout at Parsons Green is 
shown diagrammatically in figure 4, and 
comprises two through passenger lines 
with sidings on both sides of the tracks 
at both ends of the station. These sid- 
ings are used for stabling trains at night- 
time and also for stabling trains or parts 


Fig. 3. — Putney Bridge. 


One time-operated programme machine 
serves all three sequence machines at 
this installation. 

The programme machines are housed 
in the same room as the interlocking 
machine, which is used for the initia- 
tion of the safety circuits. 

Figure 3 shows a view of the inter- 
locking machine room at Putney Bridge. 
The higher building to the left is the 
signal box, now disused. 


machine room. 


Interlocking 


of trains during the middle of the day 
when the service is less busy. The whole 
of the setting of the routes at Parsons 
Green is arranged to be carried out auto- 
matically by programme machines for 
bringing the trains out of the sidings 
into service, which frequently includes 
marshalling of the trains, signalling the 
trains into the sidings after the busy ser- 
vice, signalling the trains out of the sid- 
ings again in the afternoon, and finally 
signalling them in for the night. All the 


398 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


movements of trains into or out of the 
sidings is arranged by the programme to 
fit in with the through passenger trains 
on the main line, which are also signal- 
led by programme machine. 


The complete working of the service 
during the day is in accordance with 
timetable, but it is necessary for some 
flexibility to be provided in deciding 
which siding a particular train shall use 
on any given day, and provision has 
been made for this in the equipment. 
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Two time-operated programme ma- 
chines are provided to co-operate with 
the four sequence machines. 


The method by which the programme 
machines work is that the programme 
machine reads the information for each 
train from the programme roll, including 
the train number, and if the train is 
shown to terminate at Parsons Green, 
the main line programme machine then 
offers the train by number to the siding 
programme machine, which, if the num- 
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Programme machines. 


A total of four sequence programme 
machines is used for the control of the 
Parsons Green service. Three of these 
machines control movements on the main 
line and one machine — No. 4 — is 
reserved for movements into or out of 
the sidings only. 

Machines Nos. 1 and 2 deal with 
trains through the westbound road, 
machine No. 3 deals with trains through 
the east bound road, and machine No. 4 
deals with all movements to or from 
sidings. 


bers coincide, accepts the train and after 
reference to the siding allocation panel, 
routes the train into the siding. 


If, however, the train to be signalled 
is a through passenger train, the main 
line programme machines signal _ it 
straight through and machine No. 4 is 
not affected. 


Interlocking machine. 


An interlocking machine (fig. 5) car- 
rying 36 shafts, is provided at Parsons 
Green, and this, together with the stan- 
dard track circuit relays, comprises the 
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Fig. 5. — Parsons Green West. Interlocking machine. 


safety signalling installation. This instal until a train has been proved to have 


lation provides the fullest protection for completed the route. This additional 
each train movement by track circuit, safeguard is provided by the use of a 
and in addition, the shafts are not freed 10 Ke rail circuit which is situated a 
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full train length beyond any points 
included in a route. 


Siding allocation panel. 


To provide a measure of flexibility 
in the working, a siding allocation panel 
has been provided at Parsons Green, 
situated in the yardmaster’s office, and 
electrically connected to the programme 


=» SIDING. ALLOGATIGRE PANEL : 
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the sidings with the greatest use are 
given a larger number of switches. It 
will be noted that there are two addi- 
tional groups for sidings 21 and 23 at 
the bottom righthand corner. 

To use the panel, the yardmaster sets 
the dials to show the numbers of the 
trains required to come out from or 
enter the particular siding in their order 
of procedure, reading from the left. 


Fig. 6. 


machine circuits. This siding allocation 
panel is shown in figure 6. It com- 
prises a series of rotary switches operat- 
ed by knobs on the front of the panel. 
These switches are arranged in groups 
of three, and form a 3-digit train num- 
ber. Figure 7 shows a close-up view of 
one set of switches. 

On the panel, the sets of rotary 
switches are arranged in lines corres- 
ponding with the sidings which are used 
for stabling trains. Some of the sidings 
are used much more than others, and 


Once the siding allocation panel has 
been set there is no need to alter it, 
except when some change in the stabling 
of trains is required, and the panel could 
be set on Monday and left without any 
further setting until Friday if a fixed pat- 
tern of stabling is desired. If, on the 
other hand, the yardmaster requires to 
alter the position in which trains are 
stabled, he changes the setting of the 
dials to show the fresh train numbers 
required. 

A lamp is provided on each of the 
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switch groups on the siding allocation 
panel, and this lamp being alight shows 
that that particular train movement has 
not yet been carried out. As each train 
movement is made, so the appropriate 
lamp on the siding allocation panel is 
extinguished. 
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No. 4 coinciding to show train 36. Pro- 
gramme machine No. 4 will then, by 
means of a scanning circuit, offer the 
number 36 to the siding allocation panel 
siding by siding, and when the number 
set on the dial of the panel also shows 
train 36, a coincidence circuit is com- 


Fig. 7. — Siding allocation panel. Switch unit. 


Figure 8 shows a schematic diagram 
of the connections between programme 
machine No. 4 and the siding allocation 
panel. 

To consider one train movement, we 
will consider that train No. 36 is the first 
train in the morning, and the siding 
allocation panel has been set to show 
train No. 36 to originate from siding 
No. 23. The time for the train to be 
brought out of the siding will be indic- 
ated by the time-operated programme 
machine and siding programme machine 


pleted and stops the scanning circuit on 
that siding line on the allocation panel. 
The position in which the scanning re- 
lays have stopped then provides the 
information of the route from the siding 
which has to be set. 

The completion of the route, that is 
the information as to which platform the 
train is to be brought into, is given from 
the programme roll of machine No. 4, 
and so by a combination of the two sets 
of information, the shafts of the inter- 
locking machines are operated to set the 
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points and clear the shunt signal for 
the train to run into the platform. After 
the train has picked up passengers, the 
main line programme machine then, at 
the correct time as determined by coin- 
cidence with the time-operated machine, 
signals the train away. As soon as the 
train has left the siding, the relays asso- 
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terminating at Parsons Green. The elec- 
trical circuits then check that the train 
describer is in agreement and this being 
so, the main line machine No. 2 offers 
the train by train number to the siding 
machine No. 4 and if the siding machine 
is seeing the same train number, it then 
offers this train number to the siding 


FROM 
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ciated with the siding allocation panel, 
step along that siding by one switch, thus 
eliminating the train No. 36 and at the 
next excursion of the scanning relays, 
it is the second switch on the line of 
23 siding which will be interrogated. 
Taking a train proceeding in the 
opposite direction, that is from service 
into a siding, the main line programme 
machines Nos. | and 2 on the westbound 
road, for example, will show a train 
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allocation panel. The scanning relays 
proceed to step along the electrical cir- 
cuits of the panel until a switch is found 
which has been set to the train number 
offered. The scanning circuits then stop 
at the siding containing switches which 
have been set to the particular train 
number. As this particular train move- 
ment can be assumed to originate from 
the westbound track, and cross over the 
eastbound track, the circuits of the pro- 
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Fig. 9. — Earls Court. Panel in the supervision room. 


gramme machine are arranged to ensure 
agreement with the programme machine 
controlling trains on the eastbound line, 
so that the move is only signalled in 
between service trains. This effect is 
achieved by additional punchings on the 


programme roll, providing for shunt 
paths between the service trains. These 
shunt paths are automatically cancelled 
two minutes before a through train is 


due. 
Provision is also made on the siding 
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allocation panel for additional shunt 
movements which could not be pre-pro- 
grammed, and these are carried out on 
the switches arranged on the light colour- 
ed strip that can be seen on the photo- 
graph of the siding allocation panel, 
below siding 24. 

On the programme machine rolls, 
when a gap occurs between successive 
trains in the normal service, a shunting 
path is allowed for by additional punch- 
ing. These shunt paths are identified 
by numbers in the 300 group and are 
shown on a special timetable. If it is 
required, therefore, to make a special 
unpremeditated train movement, it is 
necessary to pick a shunt path at the 
time that the movement is wanted, and 
by setting one of the dial switches to 
the shunt path number, and to the sid- 
ing number, this indicates the destination 
of the train movement required, and it 
is then only necessary to press a plunger 
at the signal in the siding from which 
it is required to move the train for the 
route between the two sidings to be set, 
and the signal is lowered. 


Programme machine supervision room. 


At Earls Court, a programme machine 
supervision room has been provided for 
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supervision of the programme machine 
working of the installation at Parsons 
Green and Putney Bridge. Figure 9 
shows the panel in the supervision room. 
Below the illuminated diagram, are a 
strip of panels on which the train de- 
scriptions are shown, and below this a 
set of push buttons which can be used 
for hand-working in event of emergency, 
and at the bottom of the panel are the 
groups of switches for controlling the 
programme machines: four for Parsons 
Green and two for Putney Bridge. 


The illuminated number at the right- 
hand corner of each switch panel shows 
the train number of the train being dealt 
with, and to the left of this is the switch 
which arranges for the circuits to be 
worked from programme machine or 
push button or first-come, first-served. 


The three knobs at the bottom of 
each group are used for cancelling 
trains. In this installation, cancelling 


of trains is done by setting the train 
number on rotary switches by means of 
these knobs. It is only necessary to set 
the train number of the train to be can- 
celled, and when that number appears 
on the programme roll, the machine 
automatically steps twice, passing over 
the cancelled train. 
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Hot air heating of passenger coaches, 


by S. DoppLer, Wien. 


(Elektrotechnik und Maschinenbau, No. 18, 15th September 1960.) 


The heating of passenger coaches natur- 
ally began with steam heating because on 
lines worked with steam locomotives, a 
sufficient quantity of steam was usually 
available. The heaters were fitted in the 
compartments and had a sufficient accumul- 
ative heat capacity for the compartments to 
remain relatively warm even when the 
driver had momentarily to restrict the sup- 
ply of steam for heating. 

But railway service is very difficult and 
exacting for a heating system and steam 
heating, in spite of the long years of ex- 
perience over which modern heating ar- 
rangements could be studied, still involves 
a great deal of maintenance and is likely to 
give trouble when the temperature is very 
low. 

With the introduction of electric traction, 
it became necessary to adapt electric heating 
for coaches, because for different reasons 
there could be no question of fitting a heating 
boiler on the electric locomotive, and the 
use of a wagon fitted with a boiler leads to 
too many complications. 

By analogy with steam heating, the elec- 
tric heating of the trains was first done as a 
rule with radiators in the compartments. 
But although this method of heating had a 


whole series of drawbacks from the point of 


view of heating technique, it was not this 
which led to the adoption of another me- 
thod. The builders of coaches for inter- 
national services were necessarily led to go 


more thoroughly into the whole question of 


heating the coaches. Unfortunately, the 
heating voltage is not standardised for the 
various Railway Administrations, and there 
are already at the present time five dif- 
ferent approved voltages, standardised by 
the International Railway Union (UIC). 
On lines, where the traction supply is 
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3 kV D.C., the heating equipment must 
naturally be designed for the same voltage. 
In countries, where the voltage in the con- 
tact wire is 1.5 kV D.C., a heating voltage 
of the same value was also adopted. On 
lines, where the contact line is supplied with 
15 kV 16 2/3 cycles A.C., for example the 
Austrian lines, an A.C. heating voltage of 
1 kV, 16 2/3 cycles was adopted. Since a 
series of lines has been put into service with 
50 cycles industrial current as well as the 
above, A.C. heating voltages of 1.5 kV, 
50 cycles and 1 kV 50 cycles have been 
added. 


These different heating voltages are found 
in Europe in a relatively concentrated area 
which can be travelled across in one day by 
train, in which there are also moreover 
steam lines. It was therefore necessary to 
design a heating system for the international 
coaches which could be used with all these 
different heating voltages as well as with 
steam. 


Naturally, it is possible to have both 
electric and steam radiators in each com- 
partment, and to group the former by means 
of an automatic or manual switching device 
fitted with some safety device as a protection 
against mistakes in connection, so that they 
always function correctly no matter what the 
heating voltage. This solution has been 
successfully used, after some initial difficulties 
by certain Administrations, but involves a 
whole series of drawbacks. ‘These are due 
essentially to the weight and complication of 
the assembly, as well as difficulties in regul- 
ating, and to the fact that the high voltage of 
3 000 V must be brought into each compart- 
ment with D.C. For this reason most of the 
Administrations are looking for some more 
satisfactory solution, at least in the case of 
coaches in international service. 
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The German Federal Railways have 
studied a hot water heating system, including 
a heat exchanger which can be supplied both 
by steam and electricity. In this exchanger, 
the water is raised to a maximum temper- 
ature of 90°C and circulated by natural 
circulation through the compartment ra- 
diators. This method of heating has un- 
doubtedly many advantages over the old 
steam heating methods and heating by 
means of electric radiators. Its drawback is 
the great weight of such an installation. The 
water it contains alone weighs some 400 kg 
and the consumption of power needed to 
raise it to 90° C is about 42 kWh. Allowance 
must therefore be made for it to take a long 
time to warm up. In addition, to protect 
the installation against frost, antifreeze must 
be added to the water, and this addition 
must be checked and topped up, which 
involves additional maintenance costs. Other 
devices are also needed to assure the renewal 
of the air in the compartments. In spite 
of these drawbacks, a great many coaches 
have already been fitted with this system of 
heating, because it is better than heatii:g by 
radiators in the compartments. 

Most railway Administrations, in particul- 
ar the Austrian Federal Railways, have 
adopted a hot air heating system for heating 
the coaches in international service. This 
system also includes a central heat ex- 
changer which can be supplied either by 
steam or electric power. Fresh air is used as 
the heating medium and drawn in by 
means of fans through shutters at window 
level or on the roof. These shutters also pre- 
vent rain getting in. Behind them are the 
filter boxes which remove dust and soot from 
the air that is drawn in. The purified air is 
heated in the heat exchanger and taken into 
the compartments through pipes. The hot 
air comes out under the seats, as well as in 
the corridor and toilets. Part of the hot air 
can also be used to heat the water in the 
toilets and to protect the water tanks from 
frost unless they are fitted with special 
radiators for this purpose. 

Coaches equipped with hot air heating 
usually have some device to make it possible 
to draw in some of the air from inside the 
coach itself. This arrangement should, 
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however, only be used when running 
through tunnels full of smoke or when it is 
exceptionally cold and the heating capacity 
is insufficient to keep the coach pleasantly 
warm in the normal way. 


The amount of fresh air taken into a coach 
heated by means of warm air is calculated in 
such a way that it just barely fulfils the 
requirements in the case of a fully loaded 
coach. It amounts to | 200 to 1 400 m3/h 
related to an average inside temperature of 
+ 20° C, in other words, if there are 60 to 
70 passengers in the coach, each of them 
gets about 20 m3/h. 


According to the rules in force about the 
ventilation of fixed installations, smoking 
and restaurant compartments must get 
about 50° more fresh air than the above 
figures. But in view of the small volume of 
the passenger compartments, and the power 
needed to heat the fresh air and work the 
fan, such an increase in the quantity of 
fresh air is not economically realisable. 

It is interesting to get some idea of the 
power needed for maintaining the temper- 
ature in a standard passenger coach. 

This is made up of the ventilation require- 
ments, for heating the necessary fresh air, the 
radiation losses from the coach, and the 
additional ventilation losses, taking into 
account the efficiency of the heating system. 

For a severe outside temperature of 
— 20° C, the amount of fresh air must not 
exceed 1 200 m3/h brought up to + 20° C, 
i.e. about 1 030 m3/h at — 20°C. To raise 
the temperature of this quantity of air to 
+ 20° C, the temperature of the compart- 
ments, needs a power of 16 kW. The losses 
through radiation in the case of a four axled 
coach with good heat insulation, fitted with 
double windows, can also be taken as close 
to 16 kW. The additional ventilation losses, 
due to the lack of air tightness of the coach, 
naturally depend to a great extent on how 
well the coach is built. They should not 
exceed 25 °% of the real ventilation losses, i.e. 
4 kW. This means that for an outside 
temperature of — 20° C a heating power of 
36 kW is necessary to keep the compartments 
of the coach when empty at a temperature of 
+ 20° C. If, however, the coach is occupied, 
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the heat from the passengers must be taken 
into account, amounting to some 80 to 
100 W per person. With 40 to 50 passengers, 
the necessary heating power is therefore 
reduced to 32 kW per coach. 

The efficiency of the heating system, i.e. 
the ratio between the calorific energy sup- 
plied to the coach either directly or by 
means of some heating medium and the 
electric power consumed, is_ practically 
100 °% in the case of the system with radiators 
in the compartments whether heated by hot 
water or by hot air. It can therefore be left 
out of the calculations. Consequently, to 
make sure that the passengers are given 
satisfactory air renewal conditions, the 
heating power required does not depend 
upon the heating system used and can only 
be reduced by very careful insulation of the 
coach. It is a mistake to think, as is often 
done, that with heating by means of radia- 
tors in the compartments or hot water 
heating, for equal comfort, there is a lower 
consumption of power than with hot air 
heating. On the contrary, it should be re- 
membered that with hot air heating, the 
new air is brought into the coach after 
being heated at certain predetermined 
places, whilst with all other methods of 
heating, the cold air comes in by every 
possible inlet, especially when the door and 
windows are not air tight, which leads to 
unpleasant draughts. 

In this connection, we would also like 
to call attention to the possibility, not fully 
utilised to date, of making use of the air 
from the coach for heating and keeping hot 
the water tanks. For this purpose, the heat- 
ing consumption is generally | to 4 kW with 
relatively costly arrangements, which could 
be avoided by placing the water tanks in 
a well insulated place and letting the air 
escaping from the compartments flow over 
them. Close collaboration between the 
designers of the vehicle and those responsible 
for the heating installations could lead to 
appreciable savings of power consumption in 
this case, which would reduce operating 
costs and should be taken into consideration 
by the railway Administrations. 

Close collaboration is also required bet- 
ween the builders of the vehicle and the 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


407 


technician responsible for the heating instal- 
lation for other reasons in particular in 
view of determining the power of the fan 
of the heating installation. 


The following brief calculation will make 
this clear : 


It is admitted that the speed at which the 
hot air comes out of the heating pipes in the 
compartments amounts to 3 to 4 m/s, which 
means a pressure of about | mm of water. 
The load losses in the aspiration shutter, in 
the filter, in the aspiration pipe and in the 
distribution pipes may be taken as being 
equal to 5 mm of water in each case. The 
load loss in the heat exchanger should not 
exceed 15 mm of water. This gives a total 
static load of 36 mm of water, and for an 
amount of air of 1 200 m3/h, a power for 
driving the fan of 0.25 H.P. The lighting 
and battery charging dynamo or the accu- 
mulators therefore have to supply a power 
of about 220 W. With a poor arrangement 
of the air pipes and too great a flow of air, 
the power required may be double or even 
three times as much, so that it becomes 
necessary to reinforce the fan to an unjusti- 
fiable extent, as well as the lighting dynamo 
and battery. ‘This leads to greater initial 
costs and additional weight to be pulled. 
The builders must therefore aim at the 
maximum economy in this field. 


Another important problem is that of the 
preheating of coaches with electric heating. 
As there is no one in the compartments 
during the preheating period, there is no 
consumption of oxygen. The amount of air 
brought into the compartments for heating 
purposes must therefore include just enough 
fresh air to get rid of the stale air left in the 
coach. It is therefore advisable, especially 
when the outside temperature is very low, 
to make use of a closed circuit, in which 
40 to 60%, of the air is constantly circulated, 
the remainder being drawn in from outside. 
Economies in the power required for heating 
and the time taken to raise the temperature 
are increased by using a 20 to 25 % higher 
voltage for the reheating installation than 
the normal heating voltage. ‘This of course 
provided the heating installation will stand 
up to the increased voltage. 
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We will give a simple example to make the 
position clear. Unfortunately, no exact 
figures are as yet available for the constant 
temperatures of the different types of 
coaches, and the « Research Department for 
passenger coaches » which proposes to set 
up on the site of the Vienna Arsenal a 
Researches and Trials Office (O.R.E.) of the 
International Railway Union will have the 
useful mission of determining the thermic 
characteristics of the different types of 
coaches. For the present example, we will 
adopt the hypotheses corresponding more 
or less to an airtight and well insulated four 
axled coach. As we have already stated, the 
calorific losses from this coach, for a temper- 
ature difference of 40° C amount to about 
36 kW. When the coach is at a standstil, 
this figure can be brought down to 32 kW. 
If it is agreed that the calorific losses from the 
coach are approximately proportional to the 
difference in temperature, even during the 
preheating period, we can show the specific 
calorific losses with sufficient accuracy by 
the expression : 


_ 32kW 
LAG 


= 0.8 kW/°C. 


Let us suppose that the specific calorific 
capacity of the coach during the heating up 
period is about Q; = 1 kWh/°C. This is 
a very favourable figure, which is usually 
exceeded in practice. In the present calcul- 
ation, we will suppose that it remains 
constant, although it is influenced, like the 


calorific losses V,, by various factors, 
especially the speed of preheating. 
Start from these somewhat arbitrary 


hypotheses, which are confirmed by practical 
tests on coaches in service, we get for the 


temperature constant of the preheating 
curve : 

os 1 kWh/°C 7 
r= 29. B= 7 mnie, 


Vy, 08kW/PC 


With a closed circuit, heating 600 m3 of 
air per hour is unnecessary. The calorific 
losses therefore only amount to : 

24 kW 


i= 
40° G 


= 0.6 kW/°C. 
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If we keep the same value for Q 1, we get : 


1 kWh/°C 
~ 0.6 kW/°G 


= Toh = 10s. 


Starting from the values of V, and the 
heating power, we can calculate the ma- 
ximum temperature in the compartments : 


N 
Vi 


AD max Tas 


In this way we already have the character 
of the temperature functions. To show these 
in figure 1, we have used a scale which gives 
the heating curves in the form of straight 
lines (S. Rirrer : « Die lineare Darstellung 
der Erwarmungslinie und verwandter Kur- 
ven in einem Exponentialraster und ihre 
praktische Anwendung » (The linear repre- 
sentation of the heating curve in an exponential 
field and its practical application), E und M, 
68th year, 1951, No. 19). Table I gives the 
results of the preliminary studies for the 
different methods of working and for dif- 
ferent outside temperatures. The values 
given in this table for the heating up 
periods and the consumption are also given 
in figures 2 and 3 in the form of curves, 
using as abscissae the outside temperature 
and as parameter the method of working. 
These figures show that the closed circuit is 
only of real advantage at very low temper- 
atures, but that an increase in the voltage 
during preheating is always advantageous 
because it leads to the minimum consump- 
tion and shortest heating up time. Unfortun- 
ately, it is not possible to increase the 
heating voltage at will, because the temper- 
ature of the hot air must not be too high. 
The heating power of 48 kW taken as 
hypothesis is the maximum which can be 
authorised for a fan output of 1 200 m3/h. 
This high preheating power, like the closed 
circuit, should only be used at temperatures 
below 0° C. 


Regulating the temperature of the com- 
partments was done originally in the case of 
coaches heated by hot air by opening and 
closing automatically shutters at the air 
inlets into the compartments. These shutters 
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TABLE I. — LENGTH OF HEATING UP PERIOD AND CONSUMPTION INVOLVED 
AS = 10°C | Ad = 20°C | AS = 30°C | AS = 40°C 
Heating 
power Method of working | AS», 
kW . Ne Nr Nr : Ne 
Amin} pwr len] wy dein] pwr fe min} pay 
without closed circuit | 40° VANSY |) AWlEsy Wh Bye ay {P27 | PaO SSy || SHO) 20 20 
2) EELS ee Dee ee es ee | a 
50°, closed circuit a8 20.6 | 11.0 | 46.8 | 25.0 | 82.7] 44.1 3899) 972.6 
without closed circuit | 60° 13.6 | 10.9 | 30.4 | 24.3 52.2 | 41.8 S2 I Oo:6 
ol Ss A) OSS BS se | ea a ae ee 
50°, closed circuit POSS else) 10:6) 1929.0) 23.25 4 Sales 8.0 Hr |) Sy 
were controlled by compartment ther- the temperature was regulated therefore 
mostats set at the desired temperature. depended essentially on the fact that the 


Later on the automatically controlled shut- 
ters were replaced by hand operated shut- 


°C 
av 


hot air was sent intermittently through the 
compartments, the passengers usually being 


| 
| 
80 
| 


| | 
| } 
i 


Qz 04 


Fig. 1. 


Dee Med 


ters. The power of the heating appliance 
was put in circuit or cut off either as a 
function of the position of these shutters, 
or as a function of one or two suitably 
placed thermostats. The principle on which 


05 06 


32 kW without closed circuit 
32 kW with 50% closed circuit 
48 kW without closed circuit 
48 kW with 50% closed circuit 


08 1,0 


— Determination of heating up period. 


T-= 75 minutes 
T = 100 minutes 
ci 75 ininutes 
ai 100 minutes 


able to reduce to some extent the amount of 
hot air coming in. This system did not give 
complete satisfaction, because when calorific 
requirements were low, in other words when 
it was not very cold, only relatively short 
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gusts of air at a temperature of 70 to 100° C 
were required. But such air temperatures 
make it difficult to maintain a constant 
temperature in the compartment. In 


min 


*20° +10° o° -10° -20° H, 
Fig. 2. — Heating up period as a function of 
the outside temperature. 


1. 32 kW without closed circuit 
2. 32 kW with 50% closed circuit 
3. 48 kW without closed circuit 
4. 48 kW with 50% closed circuit 


addition, when the outside temperature 
rises, less and less fresh air is being taken into 
the coach. 

To remedy this drawback, a new regul- 


kWh 


*20° +10° or -10° -20° ah, 
Fig. 3. — Power required for heating up as a 


function of the outside temperature. 


1. 32 kW without closed circuit 
2. 32 kW with 50% closed circuit 
3. 48 kW without closed circuit 
4. 48 kW with 50% closed circuit 
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ating system using constant quantities of air 
has been perfected. With this system, the 
fan is always revolving and the temperature 
of the hot air is maintained by putting the 
heating equipment into or out of circuit as 
required to keep the temperature of the 
compartments at the prescribed level. For 
this purpose, one compartment thermostat 
and two hot air thermostats have been fitted 
(a maximum and a minimum thermostat). 
The former is regulated for the temperature 
required in the compartment and can make 
a choice between the two hot air thermostats 
which are set at different temperatures. If 
the temperature in the compartment be- 
comes excessive, the compartment therm- 
ostat puts into circuit the hot air thermostat 
with the lower setting, and vice versa. The 
hot air thermostats are fitted in the hot air 
pipe, but only penetrate into it to a certain 
extent, their other part being surrounded by 
the outside air. Thanks to this arrangement, 
the thermostats take up an intermediate 
temperature between that of the outside air 
and that of the hot air, and they regulate the 
time the heater is in circuit in such a way 
that this average temperature is maintained 
as constant as possible. Figure 4 represents 
the regulating interval between these two 
thermostats, taking it that the thermostats 
show the exact average between the temper- 
ature of the outside air and that of the hot 
air. The active part of these instruments 
therefore penetrates into the same quantity 
of a current of hot air as of outside air. The 
maximum thermostat is set at a temperature 
of + 259°C. The minimum thermostat is 
set for + 15°C. 

The ideal temperature curve 1, which 
shows the desired variation in the average 
temperature of the hot air as a function 
of the outside temperature is shown in 
figure 4 by a straight line drawn between the 
calculated point — 20°/+ 60° and the point 
+ 20°/— 20°. Theoretically, this would 
result in a slightly increasing temperature in 
the compartment, so that owing to the 
emission of heat by the passengers, the com- 
partment temperature would be 24.5°C 
when the outside temperature was + 20° G 

The two regulating straight lines 2 and 3 
are hypothetically parallel to that of the 
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temperature curve |. The regulation zone 
for the hot air temperature has a constant 
difference of + 10° from the ideal temper- 
ature curve. 


As however calorific requirements do not 
depend solely upon the temperature of the 
compartment, but also on a series of other 
factors, such as the number of passengers, 
the running speed, the wind, the amount of 
sunshine, the weight of the quantity of air 
introduced, etc. the ideal temperature curve 
may have a different appearance according 
to the operating conditions. In figure 5, for 
example, we have shown, side by side with 
the temperature curve 1, an _ incurved 
curve 1’, which moreover need not neces- 
sarily pass through the point 20°/20°. The 
upper and lower regulating straight lines 
must be drawn in such a way that all the 
ideal temperature curves in practice are 
within the regulating zone between these 
straight lines. For this condition to be ful- 
filled, in the present case, the lower straight 
line must lie between the points 18°/18° and 
— 20°/42°. To determine to what extent 


SLC 


peeteaee 
ei eo 


iat Id oe eng 


“25-20-15 -10 -5 0 +5 +10 5 +20 +25 Ya 


Fig. 4. — Regulation of the temperature at 
constant regulation zone. 


Ideal hot air temperature. — 

Upper regulating straight line. 

Lower regulating straight line. ‘ t 
Temperature of the air at full heating power without 
closed circuit. ‘ ‘ 
Temperature of the air at full heating power with 
50% closed circuit. — F : 

Temperature of the air without heating. 
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the minimum thermostat must penetrate 
into the hot air current, it must not be for- 
gotten that the dilatation of the active part is 
proportional to the length and temperature. 


If we designate by : 
/ the active length of the thermostat, 


e +l the length of penetration into the hot 
air pipe, 


S, the temperature of the hot air, 
%,4 the temperature of the outside air, 


Sp the temperature at which the therm- 
ostat is set, 


we can write the following equation : 
e-l OL > @! —e) 1 +S, = 1-Sp, 
oR — 9a 


Oe 
OL — 3a 


By writing in this equation the above 
values for the minimum thermostat, we get : 


18° — (— 20°) 380 
od Sate al Seay Se 1) G12, 
420 — (— 20°) — 620 


é 


Fig. 5. — Regulation of the temperature in the 
variable regulation zone. 


,l’. Ideal hot air temperature, — 

Upper regulation straight line. 

Lower regulation straight line. y 

Air temperature at full heating power without closed 
circuit. ¢ 

Air temperature at full heating power with 50% 
closed circuit. 


1 
2 
3 
4 
5 
6 Air temperature without heating. 


412 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


As a result the minimum thermostat must 
penetrate into the hot air pipe some 61 % of 
its active length and 39 %, of its active length 
must be surrounded by the outside air. It is 
set for a temperature of 18° C. 


Likewise, the upper straight line must be 
drawn through the points previously se- 
lected 229/220 — 20°/769, and the above 


formula gives 


990 —..(— 200) 
a = 


7691-1209) 


420 
960 


= ().44. 
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and can easily be compensated by small 
adjustments in service. 

In figures 4 and 5 the air temperature 
curve at full heating power has also been 
traced. Seeing that for a constant quantity of 
air the heating power is proportional to the 
heating of the air, the difference between 
curve 4 and the regulating curves shows the 
savings in power obtained by automatic 
temperature regulation. 

If it is admitted that in the most un- 
favourable case the regulation of the at: 


Fig. 6, — Heating coffer under the body of the coach. 
steam heater, electric heater, fan with motor driving it. 


The maximum thermostat will therefore 
penetrate for some 44 °%, of its active length 
into the hot air pipe and be surrounded by 
the outside air over some 56 °% of its active 
length. It is set at a temperature of 20° C, 
But it should be noted that the figures given 
are only an approximation, because the 
coefficient of thermal exchange and con- 
sequently the heating of the thermostats 
depends upon the air speed and because the 
insulating layer of the hot air pipe forms an 
indeterminate temperature zone. The 
resultant errors are however insignificant 


From left to right : hot air pipe, 


temperature according to the upper straight 
line is just sufficient to maintain the desired 
temperature in the compartment, it will be 
seen from figure 5 that the lower temperature 
limit lies at — 13° C when working with new 
air and — 22° C when working with a closed 
circuit. In any case, it appears to be neces- 
sary to make use of a closed circuit at about 
—13° C. Such low temperatures are rare and 
do not generally last long, so that in such 
cases, the lower rate of air renewal can be 
put up with. 

Owing to the various temperaments of 
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different passengers, and the different con- 
ditions prevailing — as they often eat and 
sleep in the same coach — it is advisable to 
make it possible for passengers to regulate the 
heating themselves. For this purpose, it is 
possible to use hand operated shutters. 
allowing the current of hot air coming out 
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This modern type of regulation assures an 
agreeable temperature in the compartment 
and a constant and regular introduction of 
fresh air, which considerably increases the 
comfort of the journey. As this fresh air is 
being constantly introduced when it has 
already 


been warmed. the unplesant 


Pie. 7. 


— Equipment cupboard inside the coach, with selector 


relays and switches for automatic voltage changeover. 


under each seat to be cut off to some extent. 
In many cases, it may be useful to provide a 
switch making it possible to bypass the 
compartment thermostat and select one or 
two regulating positions. It is particularly 
important in such cases to fix these two 
positions correctly. 

To make the heating up period as short 
as possible, the two thermostats in the hot air 
pipe are cut out. It is only when the desired 
temperature in the compartment has been 
reached that the hot air thermostat begins 
to act on the heating. 


draughts which occur with other systems of 
heating when fresh air is brought in are in 
practice completely eliminated. 

In summer, the same installation makes it 
possible to bring fresh, unheated air into 
the compartments. The hot air heating 
system therefore, in our latitude, has practic- 
ally all the advantages of air conditioning, 
without its heavy first cost, high power con- 
sumption and maintenance costs which are 
so high that they could only be considered in 
the case of luxury coaches. 

Recently, the Austrian Federal Railways 
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have also decided to use hot air heating in 
coaches to be used solely on internal services. 
It then became apparent that the increase in 
comfort due to hot air heating led to practic- 
ally no increase in the first cost provided 
provision had been made for such equipment 
when designing the coach. 

Finally, it appears necessary to stress the 
advantages of hot air heating for stopping- 
train and metro coaches, as such coaches are 
in fact often very heavily loaded and should 
therefore for hygienic reasons have a plentiful 
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supply of fresh air without draughts. If it is 
remembered that already a whole lot of 
motorcars and tourist coaches enjoy hot air 
heating and that aircraft have air condition- 
ing equipment, it will be seen how necessary 
it is to equip railway coaches also with 
modern, hygienic heating. ‘The Austrian 
Federal Railways have fully understood this 
and are taking steps to increase comfort by 
constantly increasing the number of coaches 
equipped with hot air heating. 


[ 656 .259 ] 


Electronic monitoring of track sections, 


by Dr. W. Kaiser and W. SuERKEMPER. 


(Signal und Draht, No. 10, October, 1960.) 


1. Introduction. 


In view of the exacting safety require- 
ments and the desire to increase the eco- 
nomic efficiency and capacity of train 
operation, there is a constant need for 
improving and extending the measures 
which aim at safeguarding and controlling 
the operation of trains with a minimum 
of trouble. This also applies to the veri- 
fication of the occupancy, or non-occu- 
pancy, of track sections. In this case, the 
proving criterion must be supplied by the 
running train itself. This task can be 
solved in a particularly elegant way by 
means of electronic devices. 


2. Alternative methods 
of train intervention. 


As regards the action of the train on 
the track monitoring devices, a distinction 
must be made, in principle, between inter- 
vention at one point only, and interven- 
tion over a whole section of line. 


2.1. Intervention at one point only. 


Where the intervention of the train is 
confined to one point only, the wheels 
merely initiate, at a given point of the 
track, an impulse signal which is confined 
to the time during which the wheel is in 
contact with the limited zone concerned 
(ideally, a point). This effect is obtained, 
e.g., by means of mechanical rail contacts 
or magnetic impulse emitters. 

The mechanical rail contact reacts to 
the deflection of the rail, caused by the 
wheel pressure and magnified, e.g., by pneu- 
matic means [l, 2] (*). With the magnetic 


(*) The figures between brackets refer to the 
Bibliography at the end of this article. 


impulse emitter [3], the passing wheels mo- 
dify the balance of a bridge formed by 
uniform magnetic fields so that a polarized 
armature mounted in the emitter is re- 
versed. These impulse emitters can only 
work if the wheels of the vehicles consist 
of permeable material. 


2.2. Intervention over a section of line. 


If the intervention of the vehicle ex- 
tends over a shorter or longer section of 
track, one may speak of a linear effect. 


A case in point is the track circuit where 
the rails of a given section of track are 
separated from those of adjacent track sec- 
tions by means of so-called insulated rail 
joints [4, 5]. The voltage applied to one 
end of the insulated track section ener- 
gizes a track relay connected to the other 
end. As soon as a train enters the section 
concerned, the track relay is shunted by the 
axles; it drops and reports the section as 
occupied. 


Track circuits are operated, in different 
countries, with D.C. or A.C. voltages of, 
eg, 50,075, 8371/5 or 100 c/s. A special 
case is that of installations working with 
alternating voltages of higher frequencies 
(e.g., 10 c/s) and a correspondingly tuned 
track relay [6, 7]. In this case, there is 
no need to provide insulated rail joints as, 
due to the damping effect of the longitu- 
dinal impedance of the line Oho Laticnethe 
voltage decreases rapidly on either side of 
the feed point so that the track relay can 
only be influenced within a small, albeit 
not strictly defined, zone of a length de- 
pending on the frequency chosen, on the 
rail damping coefficient, on the ballast re- 
sistances, on the sensitivity of the track 
relay, etc. 
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3. Definition of the problem. 


The conventional devices referred to 
above are not in all respects satisfactory. 
It has, for instance, been found difficult 
to render the mechanical rail contact, which 
depends on the wheel pressure, sufficiently 
sensitive to lightweight vehicles, i.e. ve- 
hicles causing very slight rail deflections, 
without precluding accidental action. With 
track circuits, on the other hand, the length 
of the proving section is limited, and such 
factors as the ballast resistances at the slee- 
pers and the contact resistances between 
rails, wheels and axle come into play. 
Moreover, track circuits can only be used 
if the rails are insulated, and continuously 
welded track must be dissected by insulated 
joints. 

To design a track monitoring device able 
to meet all reasonable and indispensable 
requirements, it is, first of all, necessary 
to formulate these requirements [8]. “The 
installation as a whole must conform to 
the following conditions : 


a) the installation must be extremely re- 
liable (with a minimum number of break- 
downs), and must preserve this reliability 
with trains running at maximum speed as 
well as with stationary or starting trains; 


b) the. installation must be — largely 
immune to fluctuations in the working 


voltage, and must not endanger the run- 
ning of trains if the power supply should 
fail; 

c) the installation must conform to the 
general safety conditions, i.e. any defect 
must act on the safe side. 


In addition, the track-mounted parts olf 
the equipment must conform to the fol- 
lowing conditions : 


d) they must react irrespective of the 
materials of rails and permanent way (woo- 
den, concrete or steel sleepers), of the type 
and condition of the wheel (diameter; solid 
or spoke wheel; metal wheel made of non- 
permeable material; degree of wear), and 
of the transverse movements of the wheels 
on the rails; 


e) apart from the wheels, the devices 
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must not be affected by any other metallic 
parts of the vehicle (rail brake; lavatory 
pipe; hanging chain); 

f) the device must be indifferent to 
extraneous stray fields (caused by return 
traction currents on electrified lines; vehicle 
magnets of the inductive train stopping de- 
vice; wheels with residual magnetism) and 
to mechanical vibrations (vibrating rail); 


g) the device must not be affected by 
climatic condiitons (temperature; water. 
snow, 1Cé); 


h) the device should, if possible, not con- 
tain any moving parts so as to prolong 
the service life and reduce servicing and 
maintenance requirements; 


1) power requirements should be low so 
that power can, if necessary, be supplied 
over long distances: 


k) the device should be so designed that 
it can easily be installed without difficult 
adjustment work, without any considerable 
modifications to the permanent way, and 
without impairing the structure gauge. 

These conditions can only be fulfilled 
by electronic devices and installations. An 
all-electronic, transistorized track — section 
monitoring installation has been developed 
by Standard Electrik Lorenz AG (SEL). 


{. Design and operation 
of the installation. 


The installation consists of one or several 
« electronic rail contacts » (outdoor instal- 
lation) and an_ electronic interpretation 
device (indoor installation) electrically con- 
nected with each other. 


4.1. Electronic rail contact. 


The principle on which the electronix 
rail contact is based is shown in figure 1. 
Che installation comprises a generator, an 
amplifier and an impulse emitter consist: 
ing of a transmitter coil and a_ receiver 
coil. The transmitter coil is inclined at 
a certain angle to the rail, whilst the re- 
ceiver coil is vertical and is connected with 
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the rail web by means of a pole shoe ol 
high magnetic permeability. 

The generator oscillates at, e.g., 5 ke/s. 
The transmitter coil fed by the generator 
generates a periodic magnetic field. Part 
of this field is received by the receiver coil. 
When the wheel of a vehicle passes between 
the two coils, the metal surface of the 


Principle of the electronic rail 


contact. 
EB = receiver coil. 
S = transmitter coil. 
WwW 


= junction between A.C. and D.C. voltages. 

N. B. — Impulsgeber — impulse emitter. — Schiene 
= rail. — Verst. — amplifier. — Kabelanschluss 
= cable terminus. — Durch Schirmwirkung... 
= voltage drop caused by the screen effect of 
the wheel. 

wheel produces a screen effect, and the 


alternating voltage induced in the receiver 
coil will decrease. By means of a special 
arrangement of transmitter and_ receiver 
coils, it has been possible to ensure that 
the receiver coil is placed in the diagonal 
arm of a bridge of flux lines so that the 
voltage drop during the passage of a wheel 
amounts to nearly 100 ¢ In particular, 
the arrangement is so designed that, by 
and large, the screen effect is provided by 
the wheel flanges only. For that reason, 
metal parts reaching down to the top of 
the rail head only have little or no effect 
on the impulse emitter. The electronic 
rail contact will therefore not be affected 
by the rail brakes fitted to lightweight 
vehicles such as rail buses, which are in 
contact with the rail head during the brake 
application. 

Each passing wheel will cause the elec- 
tronic rail contact to emit an impulse; but 
this impulse provides no indication of the 
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direction in which the wheel is moving. 
In many cases, however, information on 
the direction of running is desirable or 
even necessary. In this case, it is necessary 
to use two impulse emitters with overlap- 
ping zones of action. For this purpose, 
impulse emitters are mounted on each rail 
of the track, slightly staggered in relation 
to each other (fig. 2). ‘Together with two 
receiver amplifiers and a joint generator 
these two impulse emitters constitute a « set 
of electronic rail contacts ». This arrange- 
ment has the incidental advantage that the 
inadvertent or wanton introduction of me- 
tallic objects (e.g. tools) into one of the 
impulse emitters is automatically recognized 
as a faulty intervention. 

The basic diagram of a set of electronic 
rail contacts is shown in figure 3. The 
generator jointly assigned to the two im- 
pulse emitters feeds both transmitter coils, 
the main windings of which are connected 
in series. ‘These windings represent the 
inductance, whilst the capacitor between 


Arrangement of two impulse emitters 
contacts on 


Fig. 2. 
forming a set of electronic rail 
the track. 
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the transistor collectors represents the Ca- 
pacitance of the oscillating circuit which 
determines the frequency. ‘The excitation 
of the oscillations is produced by addi- 
tional reaction windings of the transmitter 
coils which are connected to the base 
points of the two push-pull action tran- 
sistors. In this arrangement, both tran- 
sistors assume the function of switches, 
inasmuch as they alternately connect the 
battery voltage to one and the other of 


Generator 


f—--—-—------------ 
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The receiver coil of each impulse emitter 
equally belongs to an oscillating circuit 
which is attuned to the transmitter fre- 
quency and which, to a great extent, sup- 
presses voltages of other frequencies that 
may be received. The two oscillating cir- 
cuits of the two-stage receiver amplifier con- 
tribute to the improvement of selectivity. 
The amplifier boosts the receiver signal to 
such an extent that the latter is able to 
bridge the cable loss of about 20 dB. With 


Empfangsverstarker 


Leitungsubertrager 
mit Gleichstromspeisung 


Fig. 3. — Basic circuit diagram of a set of electronic rail contacts. 
N. B. — Sendespule = transmitter coil. — Impulsgeber = impulse emitter. — Empfangs- 
spule = receiver coil. — Empfangsverstarker — receiver amplifier. — Schienen = rails. — 


Leitungsiibertrager mit Gleichstromspeisung - 


the main windings of the transmitter coils. 
From this rectangular. voltage, the sinus- 
oidal fundamental (in our example, 5 kce/s) 
is filtered out by the oscillating circuit. 
The two transmitter coils are connected 
with each other through the reaction wind- 
ings which are connected in parallel. This 
arrangement ensures that the voltages en- 
countered at the two main windings have 
the same amplitude but have a phase dis- 
placement of 180°. If only one impulse 
emitter is connected to the generator, the 
second transmitter coil must be simulated 
in the generator. 


D.C. fed repeater. 


conductors of 0.9 mm dia., this value cor- 
responds to a distance of approx. 8 km. 

The duration of the impulse is inversely 
proportional to the speed of the train. 
But even at a speed of 220 km/h, the 
impulse duration is still about 10 millisec. 
Since electronic systems are able to inter- 
pret even much shorter impulses with com- 
plete reliability, the electronic rail contact 
works reliably at all train speeds which 
can be encountered in practice. The 
amount of wheel and rail wear permissible 
in railway operation has but little effect 
on the impulse so that no faulty interven- 
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tion can occur for that reason. Similarly, 
the effects of extraneous stray fields have 
been reduced, by a suitable choice of trans- 
mitter output, impulse emitter design and 
amplifier band width, to such an extent 
that — even under the most unfavourable 
circumstances — no inadvertent impulses 
can be produced by them. 
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through the receiver signal lines so that 
no more than two pairs of conductors are 
required for the electronic rail contact 
set. The line repeaters then serve as 
separators for the D.C. working voltage 
and the A.C. receiver voltage. If the dist- 
ance between the electronic rail contact 
set and the interpretation device is great, 


Fig. 4. — Transmitter and receiver coil mounted on the 


rail. 


The remainder of the equipment is housed in 


the cast-metal casing adjacent to the track. 


4.2. Electronic interpretation device. 


Depending on the task, the electronic 
interpretation device must be composed of 
different units (amplifier, pulse shaper, 
counters, etc.). The mode of operation of 
certain combinations of units will be ex- 
plained in conjunction with the discussion 
of some practical examples (Sections 5 
and 6). 


4.3. Electric connections 
and current supply. 


Normally, the electronic rail contact must 
be connected with the interpretation device 
by two pairs of conductors, and the elec- 
tronic rail contact set by three, where one 
pair serves for the current supply and the 
other(s) for the receiver voltages of the 
impulse emitter(s). The existing line re- 
peaters with central tapping (fig. 3) enable 
the working voltage to be transmitted 


it may be advantageous to use, for the 
two impulse emitters, two different frequen- 
cies (e.g., 5 and 8 kc/s, respectively). In 
that case, it will be possible to use the 
two conductors of one pair, separated by 
capacitors as far as D.C. is concerned, for 
the simultaneous transmission of the D.C. 
working voltage as well as the two A.C. 
receiver voltages, using the two-wire fre- 
quency separation system. 


4.4. Structural design. 


Transmitter and receiver coils of the im- 
pulse emitter are housed in a light-metal 
box, and are cast-embedded. ‘The impulse 
emitter is fastened by claws to the foot 
of the rail and is so designed that its 
installation does not call for any modifica- 
tions to the track. As the stagger of the 
two impulse emitters of an electronic rail 


contact set need not be great, the two 
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emitters can be mounted between the same 
two sleepers without altering the sleeper 
arrangement itself (fig. 2). 

All the other components of an electronic 
rail contact, or electronic rail contact set, 
are housed in a cast-metal casing by the 
side of the track (fig. 4). They are placed 
in two receptacles filled with casting resin: 
one of them contains the generator whilst 
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Yo enable the interpretation devices to 
be composed in accordance with the spe- 
cific requirements, their component parts 
are designed as plug-in units (*). These 
consist of sheets of insulating material with 
printed circuit (fig. 5). The plug-in units 
are mounted on a trough-shaped frame; one 
such frame may, accommodate an en- 
tire interpretation apparatus for two elec- 


€.g., 


Examples of plug-in units: 


Centre: Proving unit. 


the other contains the two selective receive) 
amplifiers. Generator and amplifiers work 
with silicon transistors: 


All the parts of the electronic rail con- 
tact have been selected for their particularly 
high resistance to climatic influences. The 
outdoor parts thus remain in working orde1 
over a temperature range from 40 to 
+ 100°C; they have a long service life 
and require practically no maintenance. As 
there 


are no mechanically moved parts, 
there is no wear. Since the parts are 
castembedded, they are largely immune 


against weather influences. 


Right : 


Left: Receiver amplifier with 


Three binary counter 


rectifier. 


stages. 


tronic rail contact sets, complete with prov- 
ing equipment. Figure 6 shows a_ fully 
utilized = frame. As the interpretation 
apparatus is normally indoor-mounted, it is 
sufficient to design it for a temperature 
range from 0 to + 35°C. Interpretation 
devices destined for portable equipment, 
used e.g. during Engineer's possessions, are 
of special temperature-proof design. 


(*) In the definite 
are no longer of the plug-in type but are 
permanently inter-wired on the frame which 
becomes a plug-in unit of its own, 


design, the components 
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9. Examples of applications 

with single-point monitoring systems. 
5.1. Train approach device. 

As figure 7 shows, a_ train approach 
announcing device destined to announce 
the approach of a train, e.g. to a gate 
keeper or to a permanent way gang, has 
a very simple connection scheme. An elec- 
tronic rail contact is mounted on the track, 
and, when in the normal position, trans- 
mits to the interpretation apparatus a con- 


announcing 
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tely, a storage device has been inserted. 
For the use of the interpretation equip- 
ment as a train approach announcer for 
permanent way gangs, a portable type is 
also available. 


5.2. Speed meter. 


By means of two electronic rail contacts 
mounted at a given distance from each 
other, it is possible to monitor the speed 
of a vehicle by measuring the time required 
by a wheel to cover the section between 


Fig. 6. — Fully 
units 
without 


(prototypes). 


tinuous audio-frequency signal. When the 
impulse emitter is passed by a vehicle, the 
audio-frequency signal is momentarily re- 
duced to a very small value, whenever a 
wheel is passing. The passage of each 
wheel will therefore give rise to an impulse 
behind the detector and the low-pass in 
the interpretation set. Since the shape and 
duration of the impulse depends, inter alia, 
on the speed of the train, a pulse shaper 
is provided which scans the impulses re- 
ceived at a threshold value of 50 % of 
the total amplitude and transforms them 
into rectangular pulses which, irrespective 
of the train speed, have a constant slope. 
The first impulse initiates, by means ol 
the interpreter relay, an optical or acoustic 
signal. To prevent this relay from react- 
ing to the impulses of all the wheels separa- 


Nn 


utilized trough-shaped frame for plug-in 
Some 
their holding covers. 


of the units are shown 


the two impulse emitters. “he basic dia- 
gram of this speed meter is shown in 
figure 8. The impulses supplied by the 
two electronic rail contacts follow different 
paths within the interpretation unit until 
they reach a data converter which ensures 
that the output variable at A is analogous 
to the equation v = Site 

The electronic data converter works so 
rapidly that the measuring distance can be 
kept smaller than the smallest distance be- 
tween axles encountered on railborne ve- 
hicles. The output variable at A will then 
indicate the speed of each wheel of the 
train, one by one. In this way, it 18 pos- 
sible to ascertain not only the mean speed 
of the whole train but also the variation 
in the speed of the train (acceleration 01 
deceleration) during its passage. This 
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feature may be important in a number 
of cases, e.g. where it is desired to adapt 
the warning time at the approach to gate- 
protected level crossings to the speed of 
the train. The indication of the measured 
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number printer with date and clock time 
indication. 


During hump shunting in marshalling 


yards, the problem arises of braking indi- 


vidual wagons 


in accordance with their 


Stromvers 
Tief- —Impuls- Ausw-] 
Verst Gleichr pai former Speicher relais | 
l 
| 
Se a SI e | 
Elektronischer Auswerter 
Schienenkontakt 
Fig. 7. — Block diagram of a train approach announcer. 
N. B. — Elektronischer Schienenkontakt = electronic rail contact. — 
Stromvers. = current supply. — Verst. = amplifier. — Gleichr. 
= detector. — Tiefpass — low-pass. — Impulsformer = pulse 
shaper. — Speicher = store. — Ausw. relais = interpreter relay. — 
Auswerter = interpretation unit. 


rae Mefistrecke —— =| 


Fig. 8. — Block diagram 


of 


train 


a speed measuring 
apparatus. 
N. B. — Messtrecke measuring distance, — 
Umwerter = data converter. 


speed may be of the analog type (dial 
instrument) or of the digital type (e.g. by 
means of numbers appearing on a luminous 
panel). If, for any reason, it is necessary 
to preserve a record of the measured speed, 


the instrument may be connected to a 


speed [9, 10, 11]. Here, too, the speed 
meter is useful inasmuch as it yields the 
output variable required for the control 
of the retarders. 

A further application occurs on sections 
of line where a speed limit is in operation. 
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Where a speed limit must be strictly ob- 
served, the speed meter may be connected 
to a specially mounted 2000 c/s « Indusi » 
track magnet so that, if the train speed is 
excessive, a locomotive fitted with « In- 


dusi » equipment can be automatically 
braked. i 


6. Examples of applications 
with linear monitoring systems. 


Although the electronic rail contact can 
only be influenced at one specific point, 
it is still possible to obtain a linear moni- 
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are connected to a joint interpretation 
unit (fig. 9). The impulses received from 
the entry point of the track section add 
to, and those from the exit point subtract 
from, the total count of an adding and 
subtracting counter. When a train passes 
over the section, the numbers of axles en- 
tering the section are first registered by 
the counter and are later subtracted again 
as they leave the section. If the final 


result is zero, the section is clear. The 
function of the counter thus merely con- 
sists in informing the interpreter relay 


whether or not any axles are within the 


— Block diagram of simple axle counting circuit. 


N. B. — Differenzierglied — differentiating organ. — 
Bindarzahler — binary counter. 


toring system. by jointly evaluating the 
information supplied by two or more suit- 
ably spaced impulse emitters. Compared 
with electronic track circuits, this arrange- 
ment has the advantage that the ends of 
the track section concerned are clearly 
determined by the electronic rail contacts. 
Moreover, the track section can, in theory, 
be made as long as may be desired. 


6.1. Simple axle counting circuit. 


The principle of linear monitoring is 
best illustrated by the simplest design of 
an axle counting circuit. The two elec 
tronic rail contacts installed at the begin- 
ning and end of the track section concerned 


section, irrespective of the number of axles 
passing. It is therefore sufficient to use 
a binary counter which, for great numbers, 
is less expensive than a decade counter. 
The shape of the impulses encountered 
at the different points of the interpretation 
unit is also shown in figure 9. 

The simple axle counting circuit reliably 
accounts for passing trains. But if, at 
any of the monitoring points, the direction 
of running is reversed, this will lead to 
erroneous counts since one electronic rail 
contact alone is unable to distinguish be- 
tween directions of running. As the coun- 
ter is unable to add and subtract simul- 
taneously, the simple axle counting circuit 
is subject to the further limitation that the 
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train must not be longer than the track 
section concerned. ‘These limitations dis- 
appear with the direction discriminating 
axle counting circuit. 


6.2. Direction discriminating axle 
counting circuit. 


The following is a more detailed descrip- 
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channels which terminate in pairs in two 
direction discriminators. These ensure that 
all the axles entering the section, no matter 
from which side, are added by the counter 
whilst all outgoing axles are subtracted. 
The counter will thus, at any time, show 
the exact number of axles then in section, 
even if a vehicle should pass repeatedly 
over a monitoring point in opposite direc- 


tion of a direction-discriminating axle tions (shunting movements; swinging axles). 
Gleis 
k 8 - as | HE 
. i - frage- Richtungs- Elektronischer e 
? h Richtungs Abfrag 
ee en Diskriminator Multivibrator Diskriminator Schienenkontakt 
= ed bol per nes 
r 
| 
{ Funktionsschaltung 
} Kontrolischaltung 
GBP 
rr A 
li Mi 
&) Stormelder 
Fig. 10. Block diagram of axle counting circuit with direction discrimination. 

N. B. — Funktionsschaltung = working equipment. — Kontrollschaltung = proving equipment. — Elek- 
tronischer Schienenkontakt = e'ectronic rail contact. — Freianzeige — « track clear » indication. — 
Besetztanzeize « track occupied indication, — Richtungsdiskriminator — direction discriminator. — 
Abfrage-Multivibrator interrogating multivibrator, — Umordner = data converter. — Vergleichs- 
schaltung comparator, — Stdérmelder trouble indicator, — Richtungsweiche direction separator, — 
Gleis = track. 

counting installation which has been  suc- 6.2.1. Direction discriminator. 
cessfully tried out since March, 1959. 

Figure 10 shows the general arrangement As figure 10 shows, the direction discri- 
of this installation, At each end of the  muinator consists of two pulse shapers, a 
track section concerned, a set of electronic direction separator, and intermediate stor- 
rail contacts is installed which, when pas- age devices for the entry and exit criterion, 


sed by an axle, transmits to the interpreta- 
tion unit two separate impulses, emanating 
from the two slightly staggered impulse 
emitters of the set. The sequence of the 
two impulses indicates the direction 
which the axle is running. 

The interpretation unit contains, for 
each of the four impulse emitters, separate 


in 


respectively. 


Figure 1] shows the circuit diagram of 


a direction discriminator. The receiver 
impulses emanating from the amplifiers 
appear at the input points A and B of 


the pulse shapers (Schmitt triggers). The 
rectangular pulses at points C and D are 
evaluated in different ways. The pulse 
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at D shifts the emitter potential of transis- 
tors Ts5 and Ts6 in the positive direction 
so that the direction separator can be pas- 
sed. In contrast, the pulse at C is differen- 


tiated by a repeater placed in the collector 


circuit of transistor Ts2. The secondary 
side of the repeater consists of two opposing 


Impulsformer 
(Schmitt-Trigger) 


| | 

| Richtungs- | Di 

! weiche Glied | 
| | 


-Us 


Zwischenspeicher 
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is encountered simultaneously, Now, since 
the rectangular pulse at C, with the front 
face at F and the back at E, always yields 
a negative pulse, it is the phase position 
of the pulse at G which decides whether 
‘ss or Ts6 is opened. But the position 
of the pulse at G is dependent on whether 


Ein” - 
Zahlereingang 


zu den 
beiden 


pe 


Be anderen 
Zwischen- 
speichern 

Do 
Einfahrt 

Im 
Ausfahrt i 
8 \/ atah 6f pod eee Aus" Speicher 

Fig. 11. — Basic circuit diagram of direction discriminator, with indication 

of pulse shapes encountered at different points of the system. 

N. B. — Impulsformer — pulse shaper. — Richtungsweiche = direction separator. — Diff. 
Glied = differentiating organ. — Zwischenspeicher — intermediate storage device. — Ein- 
fahrt = entering. — Ausfahrt = leaving. — Zeit = time. — z. « Ein » Speicher = to 
« entry » store. — z. « Aus » Speicher = to «exit » store. — zum « Ein » Zahlereingang 
= to « entry » counter inlet. — zum « Aus » Zihlereingang — to « exit » counter inlet, — 
zu den beiden anderen Zwischenspeichern to the other two intermediate stores. — Ein 


= in, — ~Aus = out. 


windings so that the pulses at the base 
terminals E and F of the transistors Ts5 
and Ts6 belonging to the direction se- 
parator are of opposite polarity. ‘The duty 
points of Ts5 and Ts6 are so chosen that 
only that transistor is open at which the 
emitter potential (point G) is shifted by 
the pulse from D in the positive direction 
and at whose base (E or F) a negative pulse 


the receiver impulse. A arrives before or 
after the receiver impulse B, i.e. whether 
the train enters, or whether it leaves, the 
section concerned. In the former case, an 
impulse is received at H, and in the latter 
case at I, registering an incoming or an 
outgoing axle, respectively. 

The impulse stored in the intermediate 
storage cell is deleted by means of a con- 
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tinuously working interrogator multi-vibra- 
tor which supplies, through a differentiator, 
positive impulses to the right-hand side 
of both storage devices. An occupied stor- 
age cell will then drop back to its zero 
position and transmit an impulse to the 
counter. The frequency of the interrogator 
multi-vibrator is considerably higher than 
the maximum pulse recurrence frequency 
determined by the axle spacing and the 
maximum train speed. Since, at any one 
time, only one of the two intermediate stor- 
age cells can be occupied by an impulse, 
it is possible to arrange for the two storage 
cells to be interrogated by a single multi- 
vibrator. 


If an impulse is stored simultaneously on 
the left-hand and right-hand side of a cell, 
the interrogating impulse remains ineffec- 
tive, due to circuiting arrangements not 
shown here. The storage cells are then 
only interrogated during the next period 
of the interrogation frequency. 


The interrogator multi-vibrator acts on 
the direction discriminators alternately It 
thus forms, in conjunction with the inter- 
mediate storage cells, a pulse separator 
inasmuch, as in the event of a simultaneous 
arrival of impulses at both direction dis- 
criminators, first one and then the other 
impulse is passed on to the counter. This 
is necessary because the counter is unable 
to accept more than one impulse at any 
one time. 


For the purpose of correct counting, it 
is immaterial at which point of the rail, 
in relation to the monitoring point, a 
wheel changed its direction of running; it 
is therefore also possible reliably to account 
for swinging axles. If the wheel affects 
but one of the two impulse emitters belong- 
ing to a set of electronic rail contacts, no 
impulse will pass through the direction 
separator, and the track occupancy is re- 
ported by the proving device only (cf. Sec- 
tion 6.23). 

6.22. Counter. 

The capaciy of the binary counter de- 
pends on the number of stages. Sets of 
three counter stages are combined in a 
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single plug-in unit (fig. 5). One such unit 
thus corresponds to a counting capacity 
of 22 — 1 = 7, whilst two units can count 
to 22> — 1 = 63, three units to 2° — Il 
= 511, and four units to 27 — 1 = 4095. 
Normally, the counters are equipped with 
three plug-in units. 

When the counter reading is zero, 
relay GF is energized, and the track is re- 
ported clear. If one or more axles are 
registered, relay GB is energized, and the 
track is reported as occupied. 


6.23. Proving device. 


The safety requirements on railways are 
such that any fault in the installation must 
always act on the safe side, and must be 
detected not later than on the occasion of 
the next train movement. In this connec- 
tion, it is assumed that two faults never 
occur simultaneously. To meet these con- 
ditions, the axle counting installation has 
been safeguarded by certain special mea- 
sures. The electronic rail contact as well 
as the input system of the interpretation 
unit up to the direction discriminators work 
with carrier frequencies on the closed cir- 
cuit principle. Any interruption in this 
part of the system is interpreted as an 
impulse, thus causing the « track occu- 
pied » relay GB to be energized and the 
« track clear » relay GF to drop. In addi- 
tion, the trouble indicator signal lights up. 


More difficult is the safeguarding of the 
digital circuits which begin at the direc 
tion discriminators. Here, the safe condi- 
tion can only be ascertained when the 
equipment is working. The static proving 
method made possible by the use of the 
closed circuit carrier frequency system must 
therefore be replaced by a dynamic method. 
This consists in proving that the entry or 
exit of m axles has in fact been registered 
by the counter in correct number and in 
the correct direction. This task is fulfilled 
by direction proving devices which are con- 
nected to the input side of each direction 
discriminator and are designed exactly like 
the latter but for the fact that they emit 
impulses for entering axles only. 
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Thus, each entering axle gives rise to 
an impulse at the outlet of the direction 
discriminator as well as at the outlet of 
the direction proving device. If the axle 
has been counted correctly, the counter 
will release, via the data converter, a re- 
turn impulse which is compared, in the 
comparator unit, with the impulse received 
from the direction proving device. If one 
or the other of these impulses has not been 
received, relay GB will be energized and 
relay GF will drop. At the same time, 
the trouble indicator lamp will light up. 
The proving device has the effect of con- 
verting the digital parts of the system into 
a closed circuit system. Any fault within 
this system, be it in the working com- 
ponents or in the proving apparatus, will 
always have the same effect as a « track 
occupied » report. 


In addition, the special 


Current supply 

Power absorbed 

Temperature range : 
Electronic rail contacts 


Electronic interpretation unit (indoor design) . 


Maximum train speed 
Counter capacity 


Normal equipment 
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trouble indicator lamp will indicate a 
defect in the installation. 


A feature of this control system is the 
fact that the proving process does not con- 
cern each component individually but the 
system as a whole. The dynamic control 
is confined to the counting of entering 
axles since, if an outgoing axle fails to 
register, the section automatically continues 
to be treated as occupied. Similarly, the 
track section is treated as occupied if the 
counting limits are exceeded, either by 
subtraction beyond zero, or by addition in 
excess of the capacity available. 


Relays GF and GB are proved by a 
third relay, viz., the track occupancy prov- 
ing relay GBP. 


6.24. Technical data of an axle counting 
circuit with direction discrimination. 


PAWOU GON, = 10) % 
approx. 30 W 


— 40 to + 100°C 

° to + 35°C 
practically unlimited 
ad libitum 

up to 511 axles 


Conductors connecting the electronic rail contacts and interpre- 


tation unit . 


With converter, maximum distance with 


0.9 mm dia. 


6.3. Possible applications of the axle 
counting circuit. 


The axle counting circuits here described 
can be used for many different purposes, 
e.g. as « track clear » indicators for the 
safeguarding of level crossings, for the auto- 
matic block system, for remote control, etc., 
or as axle counters to provide an indica- 
tion, e.g. in hump cabins, of the degree of 
track occupation in sidings, etc. 


telecommunication cables : 
2 x 2 x 0.9 or 1.4 mm dia. 
t x 20:9 or 1:4 -mmi diaz 


conductors of 


, approx. 8 km 


6.31. Protection of level crossings. 


On the approach of a train, level cros- 
sings of railway and roads must be pro- 
tected either by the operation of a flash- 
light installation or by the closing of a 
barrier. The requirements, which such 
installations must meet, depend on the type 
of line and the specific operating condi- 
tions. In all cases, however, they must pro- 
vide adequate safety for railway as well 
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as road traffic, yet must not unnecessarily 
impede the traffic on the road. For this 
task, the axle counting circuit is very well 
suited. Figure 12 shows the block diagram 
of the installation for a double-track rail- 
way. On reaching the electronic rail con- 
tacts I or ILI, the first axle of an approach- 
ing train causes the operation of the flash- 
lights or the closing of the barrier. In 
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HL/IV for a trip from right to left, will 
block its opposite number so that the 
freeing of the level crossing is not unneces- 
sarily deferred until the train has cleared 
the last electronic rail contact beyond the 
level crossing (III or I). 

Whether or not the installation is to 
work with direction discrimination, Le. 
whether the moniriting points I to [V must 


Auswerter 1/N/(W) 


| 
| 
| 
| 
| Schienenkontakt 
| 
| 
| 
| 


=Elektronischer 
bzw. -Kontaktsatz 
1 
ecard 
eS et ES Be 
. wn 


Auswahischaltung | 
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Fig. 12. — Axle counting circuit with direction discrimina- 
tion serving as level crossing protection device on a double- 


track line. For 


single-track 
broken lines are additionally 


units shown in 
The units shown 


lines, the 
required. 


in chain-dotted lines serve as speed meter devices. 


N. B. — Auswerter interpreter device. — Auswahlschaltung 
= selection unit. — Elektronischer Schienenkontakt bzw.-kontakt- 
satz = electronic rail contact or set of contacts. 


addition, the counter of the corresponding 
interpretation unit will register the num- 
ber of entering axles and will disconnect 
the level crossing protection devices when 
the last axle has passed the electronic rail 
contact II or IV. 

For single-track lines, the equipment 
must, in addition, comprise the selection 
apparatus shown in broken lines in fi- 
gure 12. In that case, all the four rail 
contacts must be mounted on the one track. 
Through the selection equipment, the inter- 
pretation unit receiving the first impulse, 
ic. T/I] for a trip from left to right, and 


be equipped with electronic rail contacts 
or with sets of such contacts, will depend 
on local conditions. But if shunting opera- 
tions take place in the vicinity of the level 
crossing, the axle counting equipment must 
of necessity include direction discrimina- 
tors. 

If a line equipped with level crossing 
protection devices of this kind is used by 
trains with greatly different speeds, and 
the monitoring points I and IIT must, be- 
cause of the fast trains, be placed a long 
distance away from. the crossing, a slow 
train would hold up road traffic for an 
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unnecessarily long time. This. can be 
avoided by measuring and interpreting the 
speed of the train. For this purpose, the 
electronic rail contacts V and VI are instal- 
led a short distance from the monitoring 
points I and III, respectively, and the inter- 
pretation unit is equipped with additional 
speed measuring devices (cf. Section 5.2). 
The level crossing protection devices will 
then, depending on the speed, be switched 
in either at once or after a time lag. 


6.32. Devices indicating the degree 
af track occupation. 


In certain cases, it is desirable to know 
the exact number of axles occupying a 
given section of line. If it is, for example, 
desired to know whether a siding in a 
marshalling yard is already fully occupied 
or whether it can still take more wagons, 
it is advisable to use an axle counter with 
an interpretation unit containing a binary- 
decade converter or a decade counter. The 
counter can provide a direct number indi- 
cation and can, in addition, by means of 
a supplementary device, indicate the full 
occupation of the siding when the maxi- 
mum permissible number of axles have 
entered. If the siding is accessible from 
one side only, the equipment may remain 
confined to a single monitoring point with 
direction discrimination, i.e. a single set 
of electronic rail contacts. 


6.4. Multiple utilisation 
of axle counting circuits. 


If a line consisting of several track sec- 
tions is to be proved from end to end, the 
axle counting circuits of the different sec- 
tions must follow each other without inter- 
ruption. It follows that the exit monitor- 
ing point of one section must, at the same 
time, serve as the entry monitoring point 
for the next section so that it is logical to 
use the electronic rail contacts for a dual 
purpose. If the track sections concerned 
are under the control of one and the same 
control point, it is, in this case, also pos- 
sible to obtain partial dual-purpose utili- 
sation of the interpretation units, viz., up 
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to and including the direction discrimina- 
tors. 

Often the task consists in proving, not 
a number of sections of a continuous track, 
but a whole complex of junctions. In this 
case, the axle counting circuit is merely 
intended to indicate whether the junction 
zone is clear or occupied, irrespective of 
the direction of the trains. Such tasks are 
encountered at points, crossovers and hump- 
ing installations. One may then use either 
multiple-utilized or. mutually independent 
electronic raij contacts according to whether 
only one, or several, entry or exit monitor- 
ing points can be passed by trains at one 
and the same time. In the interpretation 
unit, a counter common to all the mo- 
nitoring points serves to prove the entire 
junction zone. The interrogator multi- 
vibrator is then replaced by an interrogat- 
ing ring distributor which scans the dif- 
ferent intermediate stores and corrects the 
counter reading accordingly. 


7. Summary. 


The article describes the mode of opera- 
tion and the design of a novel-type elec- 
tronically working rail contact which uses 
the screen effect of passing wheels as a 
criterion. | Examples of applications in- 
clude single-point monitoring devices such 
as train approach accouncing devices, speed 
meters, etc., as well as linear monitoring 
devices such as axle counting circuits. Par- 
ticularly important are the axle counting 
installations with direction discrimination 
which permit reliable counting even under 
unfavourable conditions, e.g. with swinging 
axles. The use of such installations for 
« track clear » indications and as axle 
counters is explained. 
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Automatic marshalling yards. 


Methods being used, and results achieved in the automation of 
gravity marshalling yards operating under conditions applying 
to British Railways, 


by J.C. Kusate, 


Director & Manager, Associated Electrical Industries — GRS Limited. 


(The Railway Gazette, January 27, 1961.) 


The value of marshalling yards in the 
efficient operation of freight traffic has 
been appreciated for many years and the 
first improvement was the use of gravita- 


tion introduced towards the end _ of 
the last century. Points were manually 
operated and brakesmen employed to 


check wagon speeds, either by working the 
hand brakes or by the use of skids. The 
next step towards mechanisation was the 
power operation of points from a central 
position and the installation of retarders 
to displace the dangers accompanying ma- 
nual braking. At the present time there 
are several countries which have large 
marshalling yards with centrally controlled 
power-operated points and retarders and 
although these functions are worked ma- 
nually more efficient operation is obtained. 
In some of the later installations some of 
the most modern techniques of automatic 
control have been introduced. 


Sorting sidings. 


The portion of a marshalling yard con- 
cerned with the sorting of freight trains 
extends from the reception lines, down an 
incline known as a hump and then to the 
sorting or marshalling sidings. On the 
arrival of a train in the sorting sidings it 
is uncoupled into single wagons or groups 
of wagons (called « cuts ») according to 
destination. A cut list is prepared and 
the train is pushed slowly forward to the 
summit of the hump down which the single 


wagons or cuts travel, through points and 
retarders, towards the end of the track 
space available in the sorting sidings. In 
its journey from the hump summit to its 
destination in the siding, a wagon passes 
through several points, which determine its 
destination and also through retarders, re- 
gulating its speed in relation to other cuts, 
to reduce the possibility of overtaking. The 
process also has regard to its destination to 
ensure that it arrives there at not greater 
than the desired buffing speed. 


Centralised sidings. 


Centralised operation of power worked 
points in marshalling yards has been in 
use for many years together with track cir- 
cuits to prevent them being moved while 
a wagon is travelling over them or is in 
close proximity. Some of these yards are 
at Banbury, Rogerstone, Mottram, and Se- 
vern ‘Tunnel. 

The object of installing retarders in the 
point area is to absorb the excess energy 
of wagons with a low rolling resistance 
and to release all wagons into their res- 
pective sidings at a speed which allows 
them io reach their destination at a safe 
buffing speed. In yards using primary 
and secondary retarders they are controlled 
so as to perform the subsidiary function 
of making the separation time between cuts 
or wagons of dissimilar running charac- 
teristics more uniform, thus making it less 


432 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION JuNE 1961 


possible for wagons to overtake each other 
in the switching zone. 

The principal reason for haying multiple 
retarders is an economic one, as for every 
foot of retarder which is useful in the pri- 
mary, an equal amount is saved from each 
secondary retarder to which it leads. In 
all countries the majority of mechanised 
yards have retarders manually controlled 
by operators in a centrally situated control 
tower. Sometimes the operator is informed 
of the total weight of each wagon and by 
observing how it is running, and from his 
knowledge of where it should travel in a 
siding, he releases it at a speed which he 
assesses by visual estimation. Wagon chasers 
are employed to apply the hand_ brakes 
on wagons in cases where they have re- 
ceived insufficient retardation. In_ these 
cases technical aid is essential if operating 
efficiency is to be improved. 

Many methods to assist the work of the 
retarder operator have been tested and the 
most satisfactory means so far employed 
and one that is now in fairly general use, 
is the application of a shortwave electro- 
magnetic radiator and receiver to measure 
the speed of a wagon continuously during 
its approach to, and passage through, the 
retarder. This is sometimes termed Dop- 
pler Radar and by means of this equip- 
ment the speed of a wagon can be con- 
veniently measured from the Doppler effect 
observed by comparing the frequencies of 
the wave transmitted from the radiating 
aerial and that of the reflected wave re- 
ceived back from the surface of the moving 
wagon. Such equipment was first used in 
Great Britain at Thornton Yard of Scot- 
tish Region, British Railways, to obtain 
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are ready to be moved from the reception 
sidings to the sorting sidings are, in order 
of sequence : 


1) the cut list giving the siding destina- 
tions of the cuts of wagons. This forms 
the humping programme for the train and 
must be delivered to the control centre; 


2) when humping commences the pro- 
gramme 1) has to be read and _ several 
successive items memorised as several cuts 
are in the switching zone at the same time; 


3) each cut on the programme has to 
be weighed if this is not given on the cut 
list and its rolling characteristics determin- 
ed as far as possible; 


4) each cut has to be guided to its cor- 
rect route as it proceeds from summit to 
siding; 

5) each destination has to be measured 
to show how far the cut has to travel; 


6) primary and secondary retarders have 
to be operated in such a manner that suc- 
cessive cuts do not overtake, and the release 
speeds from the secondary retarders must 
be such that the cuts reach their destina- 
tion at a very low and safe buffing speed. 


In a fairly busy yard an operator would 
be expected to deal with some 100 cuts 
an hour, or about 200000 programmed 
items a year. Each cut has to be identified, 
its destination examined, its running char- 
acteristics found and its speed regulated. 
Even with the aid of automatic route set- 
ting, but without any aids to braking, an 
operator has to perform about 3000  se- 
parate operations during each turn of duty 
in the marshalling of wagons. A miscal- 
culation of any one of these would result 
in an error of performance which may re- 
quire later correction even if it does not 
result in damage. When these operations 
are performed manually the work becomes 
dependent on intuition. 


Wagon chasers. 


It is unreasonable to expect a very high 
degree of accuracy even from the best oper- 
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ators and in order to cater for the 
operator's error of judgment, chasers are 
essential. These men do what they can 
to prevent collisions, when wagons are tra- 
velling too fast in the sidings. They are 
unable to take any action with retarded 
wagons which have stopped short and these 
have to be pushed up later by a locomotive 
which also corrects wrong shunts. Despite 
these difficulties, it should not be assumed 
that yard operation in the past has in all 
cases been of an inferior kind. With auto- 
matic route setting, manually controlled 
retarders, good operators and wagon 
chasers, with an efficient system of com- 
munication between the operators in the 
control tower, the hump engine driver and 
the chasers, many yards are capable of 
handling heavy traffic rapidly and with a 
low damage rate. The performance of 
these yards is entirely dependent on the 
quality of the manpower available and as 
it is now increasingly difficult to obtain 
suitable men, other means have to be 
found. ‘These methods of automatic con- 
trol, requiring the minimum of personnel, 
will now be considered. 


Automatic control. 


The manner in which these are em- 
ployed is the result of an appreciation of 
the overall operating requirements, a_par- 
tial knowledge of the variations of wagon 
characteristics to be encountered and con- 
siderable prior experimentation and testing 
of equipment under conditions as nearly 
comparable as possible with the intended 
installations. Automatic operation can be 
partial or complete. In the former case 
some manual operations are retained, in 
the latter, they are not. The yards on 
British Railways employing automatic oper- 
ation at the present time are, in order of 
their completion, Thornton Yard, Scottish 
Region; Temple Mills Yard, Eastern Re- 
gion; and Margam Yard, Western Region. 
All these yards have automatic point opera- 
tion. Thornton Yard employs automatic 
operation of primary and secondary retar- 
ders according to pre-set release speeds ma- 
nually set by the retarder operator. ‘Temple 
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Mills Yard uses automatic control of the 
primary retarders only and manual con- 
trol of the secondary retarders. Margam 
Yard uses automatic control of all retarders 
and is the only one of these yards which 
is fully automatic. 

The basic functions of a fully automatic 
yard are: 


1) the setting up of a cut list programme; 


2) the conversion of the programme into 
wagon route information for automatic 
point operation; 


3) a measurement of the state of occu- 
pation of sidings in the marshalling yard 
before humping commences and a means 
of changing this information for each sid- 
ing as wagons travel into them; 


4) a measurement of the axle loads from 
which the weight category of cuts can be 
determined, unless this has already been 
given in the cut list; 


5) a measurement of wagon rollability 
suitable for predicting the performance of 
a wagon or cut after it leaves the last re- 
tarder to its destination; 


6) a means of combining the results of 
2), 3), 4) and 5) above and computing there- 
from the desired speeds at which cuts 
should be released from the retarders; 


7) a means of measuring continuously 
the speed of a cut as it approaches and 
passes through a retarder; 


8) a retarder and control system capable 
of responding to the results of 6) and 7) 
above; 


9) a means of signalling to the humping 
locomotive to start and stop and at what 
speed it should push the wagons over the 
summit; 


10) means of assuming manual control 
of points and retarders and thus overrid- 
ing the automatic control of these when 
necessary. 

These basic functions are provided in 
the following manner. The cut list pro- 
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gramme originates from an examination of 
the wagon labels while the train is in the 
reception sidings, from where it is either 
transmitted to the central office directly 
or in some cases by radio transmission. 
Alternatively, the siding destination is 
chalked on the front of the wagons and 
read from them as the train is being push- 
ed over the hump, and with this method 
the destination programme is prepared cut 
by cut as they pass the operator who reads 
the numbers. 


Train programme. 


By one method a cut list can be delivered 
to the control tower operator, who then 
sets up the programme by depressing 
appropriate buttons corresponding to the 
destinations. At Thornton Yard a whole 
programme for a train of 48 cuts can be 
stored before humping begins. At Mar- 
gam Yard the cut list when received in 
the control tower is typed in a tele-type- 
writer and repeated to several offices, and 
at the same time a perforator prepares a 
paper tape. When a train has been se- 
lected for humping, the tape for that train 
is placed in a reader which converts the 
teletype code into binary code suitable for 
feeding into the automatic point storage 
and setting relay network. ‘The tape per- 
forms the programme store which with 
other methods require relay groups for this 
purpose. 

The running distance into a siding is 
part of the total running distance of a 
wagon after the last retarder and one 
method of obtaining a measurement of this 
is to sub-divide the siding by means of 
track circuits and to subtract from the 
distance so given a definite length for each 
wagon which travels into the siding there- 
after. The siding length can be corrected 
whenever a wagon fails to reach its desti- 
nation. 

The axleload is measured by inserting 
in the track a specially prepared section 
of rail having a slotted web and contacts 
to indicate load categories according to the 
amount of deflection of the rail. 

Wagon rollability should include all fac- 
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tors which determine the free running 
characteristics of a wagon or cut and _ is 
dependent upon track curvature, wagon 


weight, journal and flange friction. Some 
of these factors are difficult to measure 
accurately and with sufficient assurance 


that the results are suitable for predicting 
the performance of a wagon throughout 
its travel from hump to siding destination. 
Tangent rollability gives the most reliable 
measurement for this purpose and can be 
measured in various ways as the wagon 
travels freely over a known section of 
track. One method is to measure the times 
taken to travel over given measuring sec- 
tions and therefrom to calculate the change 
in energy of the wagon between the mea- 
suring sections. This is then used to com- 
pare the difference of energy with the 
difference of elevation of the measuring 
sections and to modify the result according 
to the wagon weight to cater for rotational 
energy, finally storing the result as an 
analogue voltage for use in the computer. 
Another method is to measure rollability 
on a known tangent track by differentiat- 
ing the speed signal of a doppler radar 
observing the wagons over the measuring 
section and storing the result as an ana- 
logue voltage. Curvature rollability can 
be measured similarly over a measuring 
section of known curvature by either of 
the above methods. The number of places 
where rollability measurements are made 
is a matter for serious consideration. If a 
satisfactory measurement can be made be- 
tween the hump and the first set of points 
only one measuring section will be re- 
quired for the whole yard and the results 
can be stored and passed forward to the pri- 
mary and secondary retarder speed control 
system. The alternative is to have rollability 
measurements made on the approach side 
of each retarder. By the former method 
the distance from the summit to the sid- 
ing clearance points is greater than that 
required for the latter method and some 
increase in retarder capacity will be neces- 
sary on this account. The amount of 
instrumentation with the former is less 
than with the latter, although it can be 
considered an advantage to have what 
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amounts to a separate rollability computer 
for each group of sidings in the latter 
method and thus again some increased 
insurance against systematic faults or com- 
plete failure of the measuring equipment. 
At Margam the latter system has been used. 
At Temple Mills two antennae are situated 
on the approach to the primary retarders. 
One of these measures the velocity of the 
wagon as it approaches the retarder and 
from which a rollability measurement is 
obtained, while the other measures the 
velocity of the wagon as it passes through 
the retarder. 

At Margam, inductors on the approach 
to the retarders are used for rollability 
measurements. Similar groups of inductors 
are situated on the approach to the se- 
condary retarders for the same purpose. 


Determination of release speeds. 


The retarder release speeds are deter- 
mined by analogue computers which con- 
sist of a combination of potentiometers and 
operational amplifiers which perform accur- 
ately and quickly the processes of addition, 
subtraction, multiplication and division, by 
which an equation of energy or motion 
of a wagon is solved. ‘The release speed 
from the primary retarder is calculated to 
obtain approximately equal running times 
of single wagons to the secondary retarders 
and thus to reduce the possibility of wa- 
gons of different rollability overtaking one 
another. ‘The release speed from the se- 
condary retarders is calculated to allow 
wagons to travel to their destination and 
to arrive there at a safe buffing speed. 
This calculation must therefore include the 
losses of energy due to travel in the sid- 
ing, and around any curves which may 
exist between the retarder and the tangent 
track, and the energy gained from any 
descending gradients. ‘The resistance offer- 
ed by curves, or the curvature rollability, 
can either be measured on a known curve 
for every wagon and the result used to 
obtain a factor assumed to be sufficiently 
accurate for calculating the energy losses 
of that wagon for all curves, or, alternati- 
vely, as the result of tests performed on 
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the actual curves, a value of curvature 
resistance can be found and added to the 
other losses of energy for each siding. 
After all these factors have been fed into 
the computer a result is given in the form 
of a highly stabilised voltage as a measure 
of the energy a wagon or cut should have 
when it is released from the final retarder. 


Comparison of speed. 


The retarder speed having been deter- 
mined as the wagon is approaching a re- 
tarder, a means of comparing it with the 
actual wagon speed is required so that the 
proper retardation can be apphed. ‘The 
means employed is to direct a concentrated 
high-frequency electro-magnetic beam _ to- 
wards the wagon and to collect the reflec- 
tion of this beam and to compare the fre- 
quencies of the transmitted and _ reflected 
signals. This is the Doppler Radar and 
it provides a continuous measurement of 
the wagon speed while the wagon is in the 
path of the beam. The transmitter and 
receiver form a single unit which is placed 
in the track and consists of a parabolic or 
hornshaped antenna energised from a 
v.h.f. source. At Thornton Yard the fre- 
quency of the radar system is approximately 
3700 megacycles per sec which gives a 
Doppler signal of 11 cycles per sec. per 
m.p.h. wagon speed. At Margam the fre- 
quency is 10700 megacycles per sec. which 
gives a doppler signal of approximately 
32 cycles per sec. per m.p.h. wagon speed. 

The retarder control system consists of 
a unit into which is fed the information 
giving wagons speed as determined by the 
radar unit and the desired leaving speed 
which has been computed. ‘The retarder 
is then applied at a pressure sufficient to 
accomplish the desired retardation. The 
maximum pressure which can be applied 
to a wagon is dependent upon the weight 
category into which it is placed by the 
weighing treadle, as in non-weight auto- 
matic retarders excessive retarder pressure 
can cause the wagons to ride out of the 
retarder and proceed unretarded. The 
control system must be sensitive, and ca- 
pable of reducing the retarder pressure as 
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the actual wagon speed approaches the leav- 
ing speed. 


The humping speed of the pushing loco- 
motive is not automatically controlled, but 
the speed at which the wagons pass over 
the hump summit is an important part of 
the overall operation. If wagons are pushed 
over too slowly obviously the humping 
operation will take longer than it should 
do. On the other hand, if wagons are 
pushed over too quickly it is possible for 
successive cuts to overtake before these 
have been correctly routed. A wrong shunt 
then results. The correction of wrong 
shunts can easily consume very much 
greater time than the apparent time saved 
by attempting to hump quickly, even if it 
does not result in damage. Means, there- 
fore, are provided to indicate to the hump- 
ing locomotive the speed at which it should 
push the wagons over the hump and this 
is done either by installing a fixed signal 
on the wayside or a signal in the locomotive 
cab. At Margam, cab signalling has been 
employed and a three-position indicator is 
placed in the cab of the locomotive, pick- 
up coils being placed over the running 
tracks at the ends of the locomotive. Au- 
diofrequency signals are superimposed on 
the track circuit of the reception siding 
holding the train to be humped, and when 
the locomotive is attached to the end of 
this train it picks up from the track the 
speed signal which the operator in the 
tower has selected for that track. The prin- 
cipal signal in the driver’s cab is a visual 
representation of a position light signal 
which would be placed on the wayside and 
which gives a continuous signal throughout 
the reception lines to the hump summit. 
An audible signal is also given to indicate 
any change of signal initiated by the yard 
operator in the control tower. 


Protection against failure. 


To allow for the possibility of failure 
of any of the automatic equipment and 
to allow an operator to assume an_ over- 
riding control of points and retarders for 
any reason, the control panel situated in 
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the control tower is equipped with switches 
and buttons to allow this to be done. 
What has already been described are 
the methods of automatic control and the 
means employed for effecting them, from 
which it will be apparent that many va- 
riable quantities are concerned with the 
overall operation. The overall operating 
result depends upon the accuracy with 
which the performance of a wagon after 
it leaves the last retarder can be predicted 
from previous measurements. It is useless 
to measure quantities to a very small 
margin of error if the possibilities of pre- 
diction are subjected to a large margin of 
error. Experience so far indicates that with 
free-running wagons consistently good oper- 
ation can be achieved, the result being that 
the time taken for pushing down wagons 
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in the marshalling sidings, although this 
so far cannot be said to be eliminated, is 
considerably reduced, and with more con- 
sistent running and accurate control of the 
wagon speeds damages due to high speeds 
in the marshalling sidings have been greatly 
reduced. The principal difficulty en- 
countered has been the performance of the 
wagon itself when it is found that wagons 
have dragging brake equipment or the 
brakes bind when the wagon passes round 
curves. No amount of automatic equip- 
ment of the type which has been described 
can ensure that these wagons are run suffi- 
ciently tar into the marshalling sidings or 
even reach the clearance points. 


Summarised from a paper read before the 
Institution of Railway Signal Engineers on 
January 11, 1961. 
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Class yards: A progress report. 


(Railway Signaling and Communications, February 1961.) 


In the last decade over 45 modern classification yards have been equipped with auto- 


matic switching and automatic retarder controls. | 
However, problems do arise to impede maxt- 


automatic yards has proved successful. 


mizing the benefits of automatic yard operation. 


Operation and maintenance of these 


The following discussion reflects 


current thinking among railroad signal, communications and operating officers on some 
of the problems in the operation of automatic retarder classification yards. 


In 1950 automatic switching was intro- 
duced, and three years later automatic 
retarder controls made their debut. ‘The 
combination of these controls has produced 
the modern automatic retarder classifica- 
tion yard. Since 1950, automatic switching 
and automatic retarder controls have been 
installed in over 45 new or modernized re- 
tarder classification yards. Six such auto- 
matic yards are now under construction 
and four others are in the planning stage, 
with construction starts scheduled for this 
fall. 


When automatic yards are discussed by 
railroad men (signaling, communications 
and operations), the following topics always 
receive serious attention and healthy de- 
bate: Keep management informed about 
a yard and its operation; advantages and 
disadvantages of the modern classification 
yard; humping rate, including the length 
and type of cuts to be handled; impact re- 
corders; skates or mechanical retarders; 
maintenance; and the training of em- 
ployees. 

« To get a good operation you've got 
to keep management informed », states a 
signal engineer. « You take management 
into your confidence in the preliminary 
planning for an automatic yard. Continue 
this confidence and close liaison through 
the construction and installation phase and 
long after the yard has been in_ service. 
You have to keep management informed 
about what they can expect from an auto- 
matic yard, as well as what the yard can- 
not accomplish. In this way you get a 


smooth operation, in which disappoint- 
ments are kept to a minimum. Don’t forget 
to include the traffic department, because 
those fellows can really use the automatic 
yards’ benefits as a selling tool in securing 
more business for the railroad. » 


A major point made by proponents of 
automatic yards is that the limitations of 
these yards should be clearly outlined, as 
well as their advantages. 4 first limitation 
is that a daily minimum of 1 200 to 
1500 cars requiring classification is neces- 
sary to economically justify construction of 
an automatic retarder classification yard. 
A second limitation is that the automatic 
yard can be a road block in the movement 
of through freight. For example, all trains 
that pass through an automatic yard are 
put over the hump. This charge has less 
foundation today than five or six years 
ago. Many roads are now blocking cars at 
originating terminals. When trains enter 
the automatic yard, blocks of cars destined 
for the yard are removed. Cars already 
classified are added in a block to the train. 
Thus through trains are not completely 
reclassified at each retarder yard through 
which they pass. 

A third limitation regarding the auto- 
matic yard is its relatively high maintenance 
cost when compared with older yards. But 
modern yards have much more complex 
signal and communications equipment than 
was required in earlier yards. Considering 
the amount of electronic equipment involv- 
ed, maintenance costs are not too high. 


The major benefits to be derived from 
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the automatic yard are five-fold. The first 
substantial benefit is a reduction in damage 
to lading and freight cars. It has been 
estimated that freight claim payments for 
damage to lading total approximately 
$100 million per year on American rail- 
roads. According to many railroad officers, 
the most serious cause of damage to lading 
is rough handling of cars. In this respect 
the automatic yard plays an important part 
in reducing or eliminating excessive speed 
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road also installed a new automatic yard in 
a terminal area. It previously took 27 h 
for a car to clear the terminal area, whereas 
it now takes 7 h with the new yard. 
Third, a reduction in the amount of 


switching at other yards is accomplished by 
installation of an automatic yard. With the 
finer and faster classification available at 
an automatic yard, many roads are able to 
classify cars in station order or in spot load- 
ing dock order, so that local classifying is 


impacts and thus minimizes damage to lad- 
ing. One railroad estimates that freight 
loss and damage claims have been _prac- 
tically eliminated at its nine-year old auto- 
matic yard, which classifies approximately 
2000 cars daily. Another railroad, which 
is handling 3000 cars per day in one auto- 
matic yard, has cut damage claims by 85 % 
since the new yard has been in operation. 


Second, automatic yards reduce the time 
spent in them by freight cars. ‘They pro- 
vide faster classification of cars and reduce 
congestion. Some examples of time savings 
follow: One railroad obtained a reduction 
of five hours in each of two automatic 
yards, compared to time spent by freight 
cars in the former manual yards; cars clear 
another road’s automatic yard in an aver- 
age of 8 h 49 min, as compared to the 
average of 20 h 29 min spent in a_ pre- 
viously existing manual yard. The latter 


not required. In some instances, classi- 
fying at automatic yards has eliminated 
transfer moves to local yards. Industry 
switch runs can now originate at the 
automatic yard. 

The fourth major advantage of an auto- 
matic yard is a reduction in yard operating 
expenses. One modern yard, with auto- 
matic controls and 40 class tracks, saved 
about $5000 per week in per diem charges 
through reduced inyard delays. Another 
road with a modern automatic yard has 
experienced a net reduction in annual 
yard operating expenses of $625 743. Still 
another road has a reduction in annual 
operating expenses of $947 000 for an auto- 
matic yard. 

A fifth benefit of an automatic yard has 
been in making land available for sale or 
for industrial development. One railroad 
which spent approximately $9 million 
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building an automatic yard, was able to 
regain approximately $2 million by sale 
of land formerly occupied by flat yards. — 

Practically every discussion of automatic 
yard operation includes the topic of hump- 
ing rate. While the operating department 
would like to see a high humping rate, 
signal and yard men agree that experience 
indicates that a humping rate of four cars 
per minute (a 2-m.p.h. hump speed) will 
provide a good, steady rate of classification, 
minimize catch-ups or cornering of cars and 
reduce trimming. There are several factors 
which affect the humping rate. If you 
can get your splits « high on the hill » 
(hump), you will get faster separation of 
cuts. ‘Therefore, you can hump at a faster 
rate. For example, if the order of cuts 
were to class tracks 1, 43, 9, 39, then the 
cuts could follow each other more closely 
than if the order were to class tracks 1, 2, 
43, 41. One means of increasing this hump- 
ing rate is for the hump conductor to 
glance ahead at his switch list to locate cuts 
going to widely separated tracks. He can 
alert the hump engineer to increase his 
hump speed for these cuts so that the « high 
splits » will take place. 

One road obtains faster classification by 
reassigning class tracks each day. They 
obtain better utilization of class tracks — 
short track for a few cars, a long track for 
more cars. Thus they are often able to 
eliminate the need for two class tracks 
to handle a particular destination point. 
Therefore, they may not have to double 
over in pulling the class tracks when mak- 
ing up an outbound train. 

Some railroads use pen graph recorders 
for making time checks of automatic and 
manual operation. In making these checks, 
one railroad found that on a first trick 
611 cars were humped. Humping time was 
3h, 18 min, 43 sec and down time was 
3h, 23 min, 36 sec. Much of this down 
time was due to stopping humping opera- 
tions to prevent overtakes. Of 611 cars 
humped in this first trick, six were humped 
using manual retarder controls. During a 
third trick 520 cars were humped, taking 
3h, 21 min, 9 sec. Down time was 2 h, 


15 min, 51 sec. On this third trick more 
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trimming was required than on the first 
trick. Of the 520 cars humped on the third 
trick, 85 were humped manually. 

Basic to the humping rate is the size 
of the cut. One manufacturer’s retarder 
controls require that cut lengths be limited 
to one or two cars. Roads utilizing this 
equipment have found no serious objec- 
tions to this limitation. One general yard- 
master remarked: « With humping one 
or two-car cuts we get a nice smooth opera- 
tion. As far as this particular yard is con- 
cerned, we would have a very satisfactory 
operation with only one-car cuts. We ha- 
ven't done this, but it would minimize even 
further the few errors in classifying due to 
the pin puller misreading the cut list. » 
He felt that the extra seconds required for 
single car cuts would be more than com- 
pensated for by the time required for trim- 
ming when a cut had been misdirected. 
One disadvantage of long cuts, according 
to one yardmaster (he calls anything over 
two cars a long cut) is that more time is 
required in separating the long cut from 
the following cut. Also, he said, these long 
cuts have a greater tendency for high im- 
pacts than shorter cuts. 

As for lading of cuts humped, most roads 
are humping all cars except explosives, 
special long loads and some piggyback cars. 
One road, which has 57-ft. track circuits, 
uses automatic retarder control and manual 
switching when humping 65-ft. piggyback 
cars. This road, which normally uses no 
more than two-car cuts, does have occa- 
sional three-car cuts consisting of extra long 
loads on one car with two idler cars. For 
these cuts, they use manual retarder control. 

Freight claim departments of most  rail- 
roads are making use of impact recorders 
on freight cars. A consensus of informed 
opinion is that such usage is on a_ spot- 
check basis. General agreement is that an 
impact of 6 m.p.h. or more is a « penalty » 
impact, and too high. Practice on several 
railroads is to notify the signal department 
of all penalty impacts in automatic yards. 
One signal engineer reports that when he 
receives penalty impact reports, checks are 
made of the particular tracks in question. 
This is done by humping a cut three times 
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to the same class track, taking measure- 
ments of speed at several points. Another 
road makes monthly impact studies (using 
recorders) and speed checks at three loca- 
tions: before and after the master retarder 
and at the end of the group retarders. They 
hump 10 cars down each class track. The 
average speed of the 10 cars at each loca- 
tion is used in retarder control adjustments. 
Also, keeping class tracks up to grade and 
maintaining the proper grade on the hump 
is essential in the automatic yard. 


From the foregoing it can be seen that 
continuous adjustments of controls are 
essential to keep the modern automatic yard 
operating properly, hold down high im- 
pacts, and maintain a high rate of classi- 
fication. General opinion is that at least 
one signal maintenance man and one com- 
munications maintenance man should be 
on duty around the clock at an automatic 
yard. Usually there are additional main- 
tenance men on duty during the first or 
second trick. 


Opinion generally favors the qualifica- 
tion of regular signal men for maintenance 
positions in an automatic yard. One road 
bulletins the maintenance positions early 
in the planning stage, so that the men can 
take part in the construction and_instal- 
lation of the complex electronic control 
equipment. These men usually attend 
schools held by the equipment manufac- 
turers. Another railroad has a_ retarder 
technician who is responsible to the divi- 
sion signal supervisor. All signal mainte- 
nance forces in the yard are responsible to 
the retarder technician. 


The complexity and large amount of 
electronic equipment, including an analog 
computer, in a modern automatic yard, 
accounts for the relatively high mainte- 
nance costs compared with those at older 
yards. The modern automatic yard is so 
vitally dependent upon the complex elec- 
tronic and automatic equipment for opera- 
tion, that high maintenance standards are 
essential. With investment in a modern 
automatic yard running into millions of 
dollars, a railroad cannot afford to have 
equipment failures. 
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Whether to use skates or inert retarders 
at the bowl end of the class tracks to 
stop cars usually creates a lively discussion. 
Most roads use one skate on each track, 
but some use two skates per track where 
they want to get a shorter stopping dist- 
ance. One railroad has used a single-rail 
mechanical retarder, which is normally clos- 
ed. When the class track is to be pulled, 
the motion of the engine through the 
retarder will « spring » it open, and it 
will stay open. To be placed in the re- 
tarding position, a power machine is used 
to drive it closed. Some roads are now 
using inert retarders instead of skates. 
« We have not found it necessary to use 
skates or inert retarders at our automatic 
yard », reports a signal engineer. « Con- 
tinuous checks on impact speeds and the 
fine adjustment that we have achieved on 
retarder controls make skating unneces- 
sary. We have not had any cars fould the 
ladder tracks at the bowl end of the class 
yard », he says. 


Contrasted to cars that run away, occa- 
sionally there is the problem of skewed 
trucks causing cars to slow down and stop 
short on a class track. Several methods 
have been employed to straighten trucks 
after going around curves. One road has 
welded short sections of 3/8-in. rod on top 
of the rail on the approach to the turnout 
curves to jar the trucks back into align- 
ment. Another road, which found this 
method unsatisfactory, ground eight or 
nine spots along 3 in. of the top of the 
rail to create a washboard effect. Other 
roads have used guard rails to provide the 
proper « kick » to align trucks. 


While there are numerous problems en- 
countered in operating an automatic yard, 
general opinion favors the construction of 
such yards and the trend in this direction 
would seem to indicate that four to seven 
automatic yards will be completed each 
year during the next decade. ‘These yards 
are, of course, more complex than previous 
classification yards; however, the additional 
money required for their maintenance is 
more than justified by the economies re- 
sulting therefrom. 
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Bibliography of automatic yard articles. 


B&O. Connellsville, Pa. « RS & C », p. 27, 


Aug. 1955. 


CNR. Moncton, N.B. 
Dec. 1960. 


CPR. St. Luc yard, Montreal, Que. « RS 
& Gis, p. 712) Nov. 1950: 


2RS he Coa p19, 


G & O. Stevens, Ky. « RS & C », p. 18, 
Dec. 1956. 
G & NW. Gab signals, Proviso, Ill. «< RS 


SG, pris; Feb. 1959: 


CB & OF ‘Cicero, ly) 2 °RS ks Gas, pe, 
July 1958. 


CMStP & P. Air Line yard, Milwaukee, Wis. 
« RS & C », p. 461, July 1952. 


EJ & E. Kirk yard, Gary, Ind. 
p. 881, Dec. 1953; p. 56, Feb. 1955. 


GN. Gavin yard, Minot, N.D. 
p. 22, Nov. 1956. 


« RS kG 


« RS & C «, 


GRS. Retarder control. « RS & C », p. 188, 
Mar. 1953; p. 569, Aug. 1953; p. 23, Jan. 1959; 
mobile laboratory, p. 50, Jan. 1959. 


IC. Markham yard, Chicago, Ill. « RS & C », 
p. 346, June 1950. 


JCL. Allentown, Pa. 
Sept. 1953. 


Ek ING Radnor yards, Nashville, Tenn. 
« RS & C », p. 38, Dec. 1954; Tilford yard, 
Atlanta, Ga., p. 23, Dec. 1957; Boyles, Ala., 
p. 20, Feb. 1959. 


NYC. Frontier yard, Buffalo, N. Y. « RS 
& C », p. 62, Apr. 1957; Robert R. Young yard, 
Elkhart, Ind., p. 28, Mar. 1958. 


« RS & C », p. 627, 


N & W.. Portsmouth, Ohio. 
p. 27, Sept. 1955. 


« RS & C a, 


NP. Pasco, Wash. « RS & C », p. 36, Oct. 
1955. 


PRR. Conway yard, Pittsburgh, Pa. « RS 
& C », p. 29, Sept. 1957. 

P & LE. Communications, Gateway yard, 
Youngstown, Ohio. « RS & C », p. 30, Jan. 
1959. 
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QNS & L. Sept Isles, Que. « RS Sc: (Gee, 


p; 29, Dec. 1954. 


RDG. Rutherford, Pa. « RS & C », p. 759, 


Nov. 1952. 


StL-SF. Tennessee yard, Memphis, Tenn. 


« RS & C », p. 26, Nov. 1957. 


SAL. Hamlet” N.C: >< RS '& "ss; *p: 29; 
Mar. 1955. 


SOU. John Sevier yard, Knoxville, Tenn. 
« RS & C », p. 609, Sept. 1951; Ernest Norris 


yard, Birmingham, Ala., p. 841, Dec. 1952; 
Citico yard, Chattanooga, Tenn., p. 30, July 
1956. 

SP. Taylor yard, Los Angeles, Calif. « RS 


& C », p. 350, June 1950; (T & NO) Engle- 
wood yard, Houston, Tex., p. 32, Feb. 1956. 


UP. North Platte, Neb. «< RS & C », p. 35, 


Apr. 1955. 
US & S. Automatic switching. « RS & C », 
p. 601, Sept. 1952; Retarder control, p. 188, 


Mar. 1953; p. 569, Aug. 1953. 


Communications Guide. « RS & C », p. 22, 
Aug. 1959. 


Discussion. Signal Section, AAR, conven- 
tion, Chicago, Ill. «< RS & C a, p. 36, Oct. 
1956; p. 43, Oct. 1957; p. 27, Oct. 1958. 


History. 35 years’ progress. « RS & C », 
p. 34, Apr. 1958. 
Kink. Blow sand off rails. « RS & C », 


p. 34, Nov. 1959. 


New vs. Modernize. Discussion. 


p. 24, Oct. 1960. 


«RS &C», 


Review. « RS & C », 1950, p. 28, Jan. 1951; 
1951, p. 34, Jan. 1952; 1952, p. 36, Jan. 1953; 


1953, p. 30, Jan. 1954; 1954, p. 20, Jan. 1955; 
1955, p. 40, 47, Jan. 1956; 1956, p. 32, 38, Jan. 
1957; 1957, p...29, 31, Jan. 1958; 1958. 5. 16, 
Jan. 1959; 1959, p. 16, Jan. 1960; 1960, p. 16, 
Jan. 1961. 


What's the Answer? Yard switch targets. 
« RS &C », p. 76, Apr. 1958; p. 60, Aug. 1958; 
improve shunting, p. 64, June 1958; p. 40, 
July 1958; automatic switching, p. 40, Feb. 1959. 
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OBITUARY. 


Eugéne MUGNIOT, 


Honorary General Manager of the Paris Lyons & Mediterranean Company. 


Former Member of the Permanent Commission of the International Railway Congress Association. 


We have learnt with great regret of the 
death of January 26th last of M. Eugene 
Mueniot, former General Manager of the 


and former Member of 
Asso- 


P.L.M. Company 
the Permanent Commission of our 
ciation. 

M. Eugéne MuGnior was born in 1883, 
at Pouilly-en-Auxois (Céte d’Or). After a 
brilliant scholastic career he entered the 
Polytechnical School, and then the National 
High School of Bridges and Roadways, from 


which he graduated as an engineer on the 
staff thereof. 


In 1910, he entered the Operating De- 
partment of the P.L.M. Company. During 
the 1914 war, he was appointed a member 
of the liaison mission between the Army 
Headquarters and the main line railways. 
The work he accomplished on this mission 
earned him the cross of « Chevalier de la 
Légion d’Honneur ». 


Before the end of the war, he was 
appointed Assistant Chief Operating En- 
gineer, and at the age of 36 years, he be- 
came the Chief Operating Engineer of the 
Peta 

He devoted himself mainly to the pro- 
blem of recruiting and training employees. 
For the empirical methods used until then, 
he substituted the organisation of schools 
either within the framework of the dif- 
ferent regions or that of the different de- 
partments. In particular, he created two 
Higher ‘Train and Traffic Schools, intend- 
ed to train higher grades of employees. 

At the same time as he devoted himself 
to training the staff, M. Eugene MuGnior 
did a great deal for the commercial activi- 
ties of the railway by stimulating relations 
with the heads of economic centres. 

In 1933, he was appointed General Ma- 
nager of the P.L.M. Company. 

On the Ist January 1938, when the 
S.N.C.F. was created, M. Eugene MUGNIOT 
was able to hand over to this organisation 
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a well equipped railway system, with well 
trained staff and outstanding managerial 
staff. His great achievements were crowned 
by his appointment in 1938 to the high 
honour of « Grand Officier de la Légion 
d’Honneur ». He retired from railway ser- 
vice on the 3lst December of the same 
year. 

Such was the career of this eminent per- 
sonality of the French railways, which we 
have taken from the review « La Vie du 
Reale 


M. Eugene Muenior was elected a mem- 
ber of the Permanent Commission of the 
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International Railway Congress Association 
in July 1934. 

He took part in the Enlarged Meeting 
of the Permanent Commission at Brussels 
in 1935, as well as the Paris Congress in 
1937, at which he was also a member of 
the Local French Organizing Commis- 
sion. He always showed the greatest in- 
terest in the work of our Association and 
his affability endeared him to all his col- 
leagues. 

We offer his family our most sincere sym 
pathy. 

The Executive Committee. 


NEW BOOKS AND PUBLICATIONS. 
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ANTIA (K. F.). — RAILWAY TRACK. — Design, construction, maintenance and renewal 
of permanent way. — One volume (5 1/2 x 8 3/4 in.) of 461 pages, with numerous figures 
and photographs. — 1960, Bombay; The New Book Company Private Ltd., « Kitab Mahal », 
188-190, Dr. Dadabhas Naoroji Road. (Price : Rs. 24/—). 


The 5th edition of this book, published 
for the first time in 1945, has just been 
issued. Numerous improvements have been 
made, and it has been brought up to date 
on many points. 

After the classic historical introduction, 
the author calls attention to modern ten- 
dencies on the railway as regards comfort, 
productivity (efficiency) and economy; he 
shows how the higher speeds, smooth run- 
ning requirements, and more _ powerful 
means of traction have led, in the case 
of the permanent way, to improvements to 


curves, the introduction of long welded 
rails, and mechanisation of maintenance 
work. More particularly from the point 


of view of Asiatic countries, he mentions 
the fast transport facilities now available 
for the maintenance gangs, as well as the 
elimination of sharp curves and steep gra- 
dients, thanks to making new sections of 
lines with many structures, often tunnels. 

As he wished to offer a practical manual, 
especially for the employees of the Indian 
railways, Mr. ANTIA has not been content 
merely to write the usual descriptive chap- 
ters — which he has made extremely in- 
teresting — about the constitution and 
layout of the lines; he has gone into great 
detail about usual and new maintenance 
methods, especially those introducing a 
slight degree of mechanisation; he gives a 
detailed description of the methods of 
laying and renewing the track, and men- 
tions the emergency steps to be taken in 
case of accident or flood. 

A group of 48 pages, copiously illustrat- 


ed, is devoted to a description of points 
and crossings, their use and their main- 
tenance. Further on is a chapter dealing 
with the stressing and resistance of the 
track, as well as the quality of the ma- 
terials used, especially the metals used for 
the rails (Thomas steel is no longer syste- 
matically criticised), sleepers and acces- 
sories; a few pages are devoted to wood 
and concrete sleepers, and the book ends 
with a chapter on signalling and the main- 
tenance of bridges, which perhaps lies 
somewhat outside the scope of the subject, 
but is something no employee responsible 
for inspecting and maintaining the track 
should be ignorant of. 


The book ends with a series of 17 appen- 
dices giving numerous useful data for In- 
dian railway staff, which the author has 
skillfully avoided enumerating in detail in 
the text. It may also be added that he 
frequently refers to the usual practice in 
Great Britain and the United States of 
America. 

In brief, « Railway Track » is a manual 
of great value from which railway staff of 
all grades may obtain invaluable informa- 
tion and useful data. Without sacrificing 
rigorous scientific reasoning, the author 
has been able to make his mathematical 
examples comprehensible, by giving them 
a slant in line with the special technique 
of the railway; in numerous Cases, the for- 
mulae mentioned are followed by concrete 
examples from railway practice. 
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I. — BOOKS. 


In French. 


1960 621 .86 
Appareils de levage et de manutention. Numéro spécial 
(février 1960) de La Technique Moderne. 

Paris, Dunod, éditeur, 92, rue Bonaparte. Un fascicule 
de 100 pages de texte (24.5 x 30.5 cm) avec de nom- 
breuses illustrations. (Prix : 14 N.F.) 


1961 
CAMP (S.). 

Technique et organisation du contréle du trafic et de la 
circulation par voie de radio et télévision. 

Rapport VI du XXXIV®° Congrés International (Copen- 
hague, 1961), de |’Union Internationale des Transports 
Publics. 

Bruxelles, Union Internationale des Transports Publics, 
18, avenue de la Toison d’Or. Une brochure (21.5 x 
27 cm) de 14 pages, illustrée. 


656 .254 


1960 621 <31 
Les Centrales thermiques en 1960. Numéro spécial (mai 
1960) de La Technique Moderne. 

Paris, Dunod, éditeur, 92, rue Bonaparte. Un fascicule 
de 86 pages de texte (24.5 x 30.5 cm), abondamment 
illustré. (Prix : 14 N.F.) 


1961 PAL 
DE CLERCQ (R.). 
Commission de l’automation. a) Introduction a l’emploi 


des machines électroniques dans les entreprises de transport 


public. 
Rapport IV du XXXIV® Congrés International 
(Copenhague, 1961), de I’Union Internationale des 


Transports Publics. 

Bruxelles, Union Internationale des Transports Publics, 
18, avenue de la Toison d’Or. Une brochure (21.5 » 
27 cm) de 16 pages. 


1961 
FLONER. 

Autobus modernes. Suspension pneumatique. 

Rapport V du XXXIV¢ Congrés International (Copen- 
hague, 1961) de l’Union Internationale des Transports 
Publics. 

Bruxelles, Union Internationale des Transports Publics, 
18, avenue de la Toison d’Or. Une brochure (21.5 x 
27 cm) de SO pages, illustrée. 
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1961 691 
L’HERMITE (R.). 

Les déformations du béton. Texte du rapport présenté 
au 4° Congrés sur la chimie du ciment, Washington, 1960. 

Paris (5°), Eyrolles, éditeur, 61, boulevard Saint- 
Germain. Un volume (21 x 27 cm) de 100 pages, avec 
34 figures. (Prix : 19 N.F.) 


In German. 


1961 621 3 
HUTTE, Des Ingenieurs Taschenbuch. 
Teil IV A, Elektrotechnik. 28. Auflage. 


Berlin, Verlag Wilhelm Ernst & Sohn. 946 Seiten, mit 


2104 Bildern und 205 Tafeln. (Preis : Ganzleinen, 
DM 39.— Leder, DM 49.—.) 
1960 62 (01 


KLOTTER (K.). 

Technische Schwingungslehre. 

2. Teil. 2. neubearbeitete Auflage. 

Berlin, Springer Verlag. 483 Seiten (16.5 x 25 cm) mit 
296 Abbildungen. (Preis : DM 58.50.) 


1960 385 
yon HORNSTEIN (A.). 

Auf Schienen. Die Eisenbahn heute. 

Miinchen, Verlag Paul Miiller. 368 Seiten (16 x 
23.5 cm) mit 190 zum Teil mehrfarbigen Strichzeichnun- 
gen und 40 Fototafeln. (Preis : Ganzleinen DM 16.80.) 


(1) The numbers placed over the title of eac 


a : reer - as 2 acca a ee ated Cs 
conjointly with the Office Bibliographique International, of Brussels, (See « Bibliographical Decimal - 
Berio by L. WEISSENBRUCH, in the number for November 1897, of the Bulletin of the Internation 


h book are those of the decimal classification proposed by the Railway Congress 


lassification as applied to Railway 
al Railway Congress, p. 1509). 


In English. 


1961 656 .2 (09 


ALLEN (G.C.). 
Railways. 
One volume (7 1/2 * 5 in.) of 132 pages. 


Oxford : Basil Blackwell, publishers, 49, Broad Street. 
(Rricesaors ord.) 


1960 385 (06. 4 & 625 .2 


An International Exhibition of aluminium in railway 
rolling stock. 


Organized by the « Centre International de Dévelop- 
pement de 1’Aluminium » and held at Strasbourg, June 21 
to 26, 1960. 

A brochure of 88 pages, illustrated Published by The 
Aluminium Development Association, 33, Grosvenor 
Street, London W. 1. (No price stated.) 


[ 016 .385 (05 ] 


1961 625 .282 (0 (42) 
British locomotives. : 

Published by The Locomotive and Allied Manufac- 
turers’ Association of Great Britain, Locomotive House, 


Buckingham Gate, London, S.W. 1. (Price : 15s.) 
621 .132:22 


1961 
EVANS (M.). 
Pacific steam. 
One volume (8 3/4 * 5 3/4 in.) of 80 pages, illustrated. 
London : Percival Marshall & Co. Ltd., 19-20, Noel 
Street, W. 1. (Price : 12 s. 6 d.) 


1960 625 .2 
The use of aluminium in railway rolling stock. ; 
Simposium organised by The Institution of Locomotive 
Engineers and The Aluminium Development Association. 
A brochure of 152 pages, illustrated. 
Published jointly by : 
The Institution of Locomotive Engineers, 28, Victoria 
Street, London, S.W. 1, and The Aluminium Develop- 
ment Association, 33, Grosvenor Street, London W. 1. 
(No price stated.) 


Il. — PERIODICALS. 


In French. 


Acier - Stahl - Steel. (Bruxelles.) 


1961 
Acier - Stahl - Steel, mars, p. 113. 
DESCANS (L.). — Applications modernes des pal- 
planches métalliques. (4 000 mots & fig.) 


T21 ft 


1961 
Acier - Stahl - Steel, mars, p. 134. 
GAVARNI (C.). Considérations sur le calcul des 
ponts suspendus. (Premiere Partie.) (4000 mots & fig.) 


624 S51 


Annales des Ponts et Chaussées. (Paris.) 


1961 624 .2 
Annales des Ponts et Chaussées, mars-avril, p. 225. 
ROBINSON (J.R.). — Essais 4 Veffort tranchant de 
Pike a Ame mince en béton armé. (5 000 mots, tableaux 
fig) 


Bulletin des Transports Internationaux 
par Chemins de fer. (Berne.) 


1961 351 .812 .1 (438) 
Bull. des Transp. Intern. par Ch. de fer, février, p. 77. 

La nouvelle loi sur les Chemins de fer (Pologne). (500 
mots.) 


1961 656 (73) 
Bull. des Transp. Intern. par Ch. de fer, mars, p. 82. 

La situation concurrentielle des Chemins de fer aux 
USA. (2 000 mots.) 


Bulletin de l’Union Internationale 
des Chemins de Fer. (Paris.) 


1961 625 .216 (4) 
Bull. de Union Intern. des Chemins de fer, mars, p. 73. 

Les Chemins de fer Européens et l’attelage automatique. 
(1 600 mots.) 

1961 385 .113 (44 + 494) 
Bull. de Union Intern. des Chemins de fer, mars, p. 79. 

Les Chemins de fer en 1960. (France, Suisse, Inter- 
frigo.) (9 000 mots.) 

1961 385 (06 
Bull. de / Union Intern. des Chemins de fer, mars, p. 108. 

REZABEK (J.). — L’activité du Comité des Trans- 
ports par chemins de fer de l’Organisation pour la Colla- 
boration des Chemins de fer pendant l’année 1960. (2 000 
mots.) 


C.F.F. (Berne.) 


1961 
CRE,,-aveil-p. 6 
LEEMANN (R.). — Sur la ligne du Saint-Gothard : 


une installation d’enclenchement transportable. (1 000 
mots & fig.) 


656 .257 (494) 


Chemins de fer. (Paris.) 


1961 
JShemins de fer, n° 1, p. 2. 


MERTENS (M.). — Les Chemins de fer de Oberland 
rnois. (6 000 mots & fig.) 


624 .6 (494) 


1961 
Shemins de fer, n° 1, p. 18. 
LAMY-DURAY (J.-S.). — Les éléments automoteurs 
ototypes, traction électrique par courant monophasé 
kV 50 Hz, en essais sur la Banlieue Parisienne de la 
égion Nord S.N.C.F. (2500 mots, tableaux & fig.) 


621 .335 (44) 


1961 656 .222 .5 (42) 
hemins de fer, n° 1, p. 17. 

Baron VUILLET. — L’« Elizabethan ». (2 500 mots 
“& fig.) 


Génie Civil. (Paris.) 
1961 
Génie Civil, n° 3537, 1* avril, p. 150. 
SANCHEZ DEL RIO DE PISON (I.). — Les voiites 
ondulées systeme Sanchez del Rio. (2 500 mots & fig.) 


721 4 


1961 62 
énie Civil, n° 3537, 1& avril, p. 156. 

SALMON (P.). — La normalisation en face du progrés 
hnique en France et dans le monde. (2 500 mots.) 


1961 669 .71 
énie Civil, n° 3538, 15 avril, p. 180. 
DUMAS (A.). — Les progrés techniques de |’€labora- 


tion de l’aluminium. (3 000 mots.) 


Revue Brown Boveri. (Baden.) 


1960 621 .313 


Revue Brown Boveri, mars, p. 119. 
Nouveaux moteurs asynchrones fermés conformes aux 
recommandations de la C.E.I. (1 700 mots & fig.) 


Revue Générale des Chemins de fer. (Paris.) 


1961 621 .335 (44) 
Revue Générale des Chemins de fer, avril, p. 197. 

Les locomotives pour services mixtes BB 9400 a courant 
continu 1500 V. 

Exposé général, par M. F. NOUVION. (2 000 mots, 
tableaux & fig.) 

I. La partie mécanique, par M. BROCART. (1 500 
mots & fig.) 

II. L’équipement électrique, par M. J. WOIMANT. 
(3 000 mots & fig) 

Ill. Les moteurs de traction, par MM. MACHEFERT- 
TASSIN et MAY. (2 500 mots & fig.) 


1961 


a 621 .33 (54) 
Revue Générale des Chemins de fer, avril, p. 226. 
VAUBOURDOLLE. — Laide technique accordée 


par la S.N.C.F. aux Chemins de fer Indiens pour leur 


électrification en courant monophasé 50 périodes. (6 000 
mots & fig.) 


1961 625 .245 (44) 
Revue Générale des Chemins de fer, avril, p. 238. 

LEJEUNE et TEURNIER. — Un wagon superspécial 
de 260 tonnes de charge utile. (600 mots & fig.) 


1961 621 .33 (44) 
Revue Générale des Chemins de fer, avril, p. 241. 

JAY et VOUILLOUX. — L’électrification de la ligne 
d°’Avignon a Nimes. (1 500 mots & fig.) 


1961 313 : 656 (4) 
Reyue Générale des Chemins de fer, avril, p. 245. 

Statistiques internationales des transports européens. 
(1 200 mots & tableaux.) 


La Technique Moderne. (Paris.) 


1960 656 .257 
La Technique Moderne, avril, p. 223. 
Nouvelles applications de électronique 4 !a commande 


centralisée des circulations ferroviaires. (600 mots.) 


1960 
La Technique Moderne, avril, p. 307. 
LAURENT (Ch.). — Les nouvelles installations de 
Dole-Vallorbe. (2 500 mots & fig.) 


656 .254 (44) 


1960 621 .31 
La Technique Moderne, mai, p. 7; juin, p. 319 et juillet, 
pe 356: 


L’automatisme dans les grandes centrales électriques 
modernes. (17 000 mots & fig.) 


1960 621 .33 (44) 
La Technique Moderne, juin, p. 343. 


La traction électrique en France. (1 000 mots & fig.) 


1960 621 .83 


La Technique Moderne, aott, p. 387. 
CHONIK (S.). — La résistance des engrenages. (3 000 
mots & fig.) 


1960 621 .31 (06 


La Technique Moderne, novembre, p. 518. 
Conférence Internationale des Grands Réseaux Elec- 
triques. (A suivre.) (3 000 mots & fig.) 


1960 621 .31 


La Technique Moderne, décembre, p. 547. 
RACINE (M.). — Le contréle des flammes dans les 
chaudiéres des centrales thermiques modernes. (3 000 


mots & fig.) 


1961 621 .31 (06 
La Technique Moderne, février, p. 62. 

Conférence Internationale des Grands Réseaux Elec- 
triques (Suite.) Lignes aériennes, par D. LAFONT. (2 000 


mots & fig.) 


La Traction Electrique dans les Chemins de fer. 
(Bruxelles.) 

1961 621 .335 

Bulletin du Congrés des Chemins de fer. — La Traction 

Electrique dans les Chemins de fer, n° 2, février, p. 49. 

HILSENBECK (K.). — Réalisations nouvelles pour 

la partie électrique d’une locomotive bifréquence a plu- 
sieurs tensions. (4 850 mots & fig.) 


1961 625 .282 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 2, février, p. 65. 
ZIEBART (E.). — Un banc d’essais de grande puis- 
sance pour engrenages de locomotives. (1 475 mots & fig.) 


1961 621 .431 .72 (47) 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 2, février, p. 71. 
BUTTNER (S.). — Locomotive de manceuvres diesel- 
hydraulique lourde pour |’U.R.S.S. (1 000 mots & fig.) 


1961 6214351" 72Z 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 2, février, p. 77. 


Conception et performance des arbres a cardaus. 
(3 500 mots & fig.) 

1961 621 .33 (42) 
Bulletin du Congrés des Chemins de fer. — La Traction 


Electrique dans les Chemins de fer, n° 2, février, p. 90. 
Locomotive électrique a courant alternatif de 25 kV 
des British Railways. (2 500 mots & fig.) 


Les Transports Publics. (Berne.) 


1961 S351 
Les Transports Publics, avril, p. 3. 

La couverture des déficits. Systématisation des charges 
du personnel. (800 mots.) 


La Vie du Rail. (Paris.) 


1961 656 .224 
La Vie du Rail, 19 mars, p. 3. 

MISERY (J.). — Les mesures d’hygiéne et de propreté 
dans les trains. (1 200 mots & fig.) 

1961 625 .1 (44) 
La Vie du Rail, 19 mars, p. 9. 

BAILLY (F.). — Traversées ferroviaires de la Seine a 
Paris. (800 mots & fig.) 

1961 656 .2 (44) 


La Vie du Rail, 19 mars, p. 6. 
DEWAELE (A.). — La S.N.C.F. ... 


J ; symbole d’une 
évolution. (1 500 mots.) 


In German. 


Die Bundesbahn. (Darmstadt und K6In.) 
1961 656 (43) 
Die Bundesbahn, Nt? 3, Februar, S. 150. 

KESSLER (E.) & TREUTLER (M.). — Struktur und 
Tendenzen des westdeutschen Energiemarktes. II. Teil. 
(Schluss folgt.) (12 000 Worter, Tabellen & Bildern.) 


Deutsche Eisenbahntechnik. (Berlin.) 


1961 656 .21 (43) 
Deutsche Eisenbahntechnik, Marz, S. 101. 
LIEBE (H.). — Die Entwicklung des Eisenbahnknotens 


Leipzig. (7 000 Worter & Abb.) 


1961 
Deutsche Eisenbahntechnik, Marz, S. 111. 
DREWNIOK (G.). — Der Oberleitungswechselstrom- 
triebwagen ET 25012. (Ein Bericht tiber die Rekonstruk- 
tion des Triebfahrzeuges.) (7 000 Worter & Abb.) 


621 .335 (43) 


1961 
Deutsche Eisenbahntechnik, Marz, S. 125. 
KUNICKI (N.). — Diesellokomotiven mit elektrischer 
und hydraulischer Kraftiibertragung. (2000 Worter & 
Abb.) 


625 .282 


1961 
Deutsche Eisenbahntechnik, Marz, S. 133. 
THURM (W.) & HOLZ (D.). — Die Schaltungen fiir 
das neue Lichtsignalsystem der Deutschen Reichsbahn. 
(6 000 Worter & Abb.) 


656 .25 (43) 


Der Eisenbahningenieur. (Frankfurt am Main.) 


1961 
Der Eisenbahningenieur, Marz, S. 62. 
ROEMERT (E.). — Neue Oberbaumaschinen in den 
USA. (3 000 Worter & Abb.) 


625 .144 . 4 (73) 


1961 
Der Eisenbahningenieur, Marz, S. 68. 
NEUMANN (B.). — Betonschwellen der Deutschen 
Bundesbahn. Thre Durchbildung und Fertigung. (4 500 
Worter & Abb.) 


625 .142 .4 (43) 


1961 
Der Eisenbahningenieur, Marz, S. 76. 


_EHRET (E.). — Rationalisierung im Betonschwellen- 
einbau. (3 000 Worter & Abb.) 


625 .142 4 


1961 
Der Eisenbahningenieur, Marz, S. 81. 


DONNEBRINK (J.). — Vor- und Abschlussdienst bei 
Lokomotiven. (2 000 Worter, Tabellen & Abb.) 


621 .138 .2 


= 71 


1961 621 .138 .1 
Der Eisenbahningenieur, Marz, S. 85. 
. PAUWEN (A.). — Wirtschaftliche Triebfahrzeug- 
instandhaltung. (2 000 Worter & Abb.) 

1961 624 
Der Eisenbahningenieur, April, S. 101. 

BETHAUSER (A.). — _ Felduntersuchungen zur 


Beurteilung der Tragfihigkeit des Baugrundes. (6 000 
Worter & Abb.) 


1961 624 
Der Eisenbahningenieur, April, S. 110. 
KETTERER (J.). — Sicherheit im Stahlhoch- und 


Briickenbau. (3 000 Wérter & Abb.) 


1961 6255-25 
Der Eisenbahningenieur, April, S. 114. 

GLATZEL (R.). — Gummi in neuen Reisezugwagen. 
(3 000 Worter & Abb.) 


Elektrische Bahnen. (Miinchen.) 


1961 621 .315 
Elektrische Bahnen, Heft 2, S. 25; Heft 3, S. 50. 

MERTLICH (K.). — Neuere Entwicklungen auf dem 
Gebiet der Kabel und Leitungen. (20 000 Wérter & Abb.) 


1961 621 .335 
Elektrische Bahnen, Heft 2, S. 35. 

EGLI (F.). — Der neue Pendelzug der Uetliberbahn. 
(2000 Worter & Abb.) 


1961 625 .151 
Elektrische Bahnen, Heft 3, S. 45. 
MATTHAI (E£.). — Elektrische Weichenbeheizung. 


(4 300 Worter & Bild.) 

1961 G21 7315 
Elektrische Bahnen, Heft 3, S. 60. 

SCHMIDT (B.). — Das 110 kV-Gasinnendruck-Kabel 
im Unterwerk Haltingen der Deutschen Bundesbahn nach 
zweijahrigem Betrieb. (3 900 Worter & Bilder.) 


Elektrotechnik und Maschinenbau. (Wien.) 


1961 621 .31 
Elektrotechnik und Maschinenbau, 1. Marz, S. 218. 

MARESCH (F.) & SCHAFFER (F.). — Vom Schutz- 
wert eines Vorschaltwiderstandes. (2 700 Worter & Abb.) 


1961 621,315 
Elektrotechnik und Maschinenbau, 15. Marz, S. 237. 

BENEDIKT (O.). — Zur Berechnung der magnetischen 
Kreise der Autodyne. (5 000 Worter & Abb.) 


E.T.Z. — Elektrotechnische Zeitschrift. (Berlin.) 


1961 621 .316 
E.T.Z. Elektrotechnische Zeitschrift, 3. April, S. 166. 

FLOTH (H.) & LEONHARDT (G.). — Griessharz- 
isolierte Mittelspannungs- Schaltanlagen mit sehr kleinem 
Raumbedarf. (7 500 Worter & Abb.) 


Glasers Annalen. (Berlin.) 


1961 625 .282 (43) 
Glasers Annalen, Februar, S. 45. 

GAEBLER (G.A.). — Die 1 000. Diesellokomotive der 
Deutschen Bundesbahn. (1 500 Wérter & Tafeln.) 


1961 625 .251 
Glasers Annalen, Februar, S. 48. 

SAUTHOFF (F.). — Uber die Modglichkeiten zur 
Berechnung der Bremswege von Eisenbahnziigen. (7 000 
Worter, Tafeln & Abb.) 

1961 625 .143 .5 
Glasers Annalen, Februar, S. 62. 

ENGEL (E.). — Die Bedeutung der Schienenbefestigung 
fiir die Lagesicherheit liickenloser Eisenbahngleise. (3 000 
Worter & Abb.) 

196i 621 .335 (45) 
Glasers Annalen, Februar, S. 68. 

MESSERSCHMIDT. — Neubauten elektrischer Trieb- 
fahrzeuge fiir die Italienischen Staatsbahnen. (1 000 
Worter & Abb.) 

1961 625 .2 
Glasers Annalen, Februar, S. 70. 

6. Tagung «Moderne Schienenfahrzeuge ». 16.-19. 
Oktober 1960 in Graz. (4 000 Worter.) 


Internationales Archiv fiir Verkehrswesen. 
(Frankfurt am Main.) 


1961 351 .81 
Intern. Archiv fiir Verkehrswesen, Marz, S. 87. 
DURGELOH (H.). — Brandgutachten und Ver- 


kehrstrager. (8 000 Worter.) 


1961 385 .1 
Intern. Archiv fiir Verkehrswesen, Marz, S. 96. 

Eisenbahnen brauchen zusitzliches Kapital. Ein Ver- 
gleich mit den Niederlanden und der Schweiz. (600 
Worter.) 


Leichtbau der Verkehrsfahrzeuge. 
(Frankfurt/Main.) 


1961 625 .2 
Leichtbau der Verkehrsfahrzeuge, Marz-April, S. 62. 
GAEBLER (G.A.). — Der Fahrzeugleichtbau yon 


Eisenbahnfahrzeugen. (5 000 Worter & Abb.) 


1961 625 .2 
Leichtbau der Verkehrsfahrzeuge, Miarz-April, S. 70. 

BOCKEMUHL (A.). — Leichtbau im Nahverkehrs- 
fahrzeug. (2 500 Worter.) 


1961 6257.25) 
Leichtbau der Verkehrsfahrzeuge, Marz-April, S. 75. 

JEPPSON (E.). — Uber die Entwicklung der SAB- 
Bremsgestangeapparate. (5000 Worter & Abb.) 


Der Offentliche Verkehr. (Bern.) 
1961 625162 
Der Offentliche Verkehr, April, S. 12. 3 
Zum Problem der Niveauiiberginge. (1 000 Worter & 
Abb.) 


1961 656 .211 (494) 
Der Offentliche Verkehr, April, S. 14. é 
Die Einfiihrung der schmalspurigen Vorortsbahnen in 


den neuen Bahnhof Bern im Bau. (1 100 Worter & Abb.) 


Schweizerisches Archiv fiir Verkehrswissenschaft 
und Verkehrspolitik. (Ziirich.) 


1961 385 .1 (73) 

Schweizerisches Archiy fiir Verkehrswissenschaft und 
Verkehrspolitik, Nr. 1, S. 14. 

WARTHA (J.). — Bilanz, Kosten, Ertragsstruktur und 
Kalkulation der Eisenbahnen in den U.S.A. (4 000 Worter, 
Tabellen & Abb.) 

1961 656 
Schweizerisches Archiv ftir Verkehrswissenschaft und 

Verkehrspolitik, Nr. 1, S. 36. 

CZERE (B.). — Fragen der Systematik der einheit- 

lichen Verkehrswissenschaft. (8 000 Worter & Bild.) 


1961 656 .225 
Schweizerisches Archiv fiir Verkehrswissenschaft und 
Verkehrspolitik, Nr. 1, S. 58. 
SHERWOOD (P.W.). — More economic shipping 
methods for bulk industrial goods. (1 500 Worter.) 


Siemens-Zeitschrift. (Berlin.) 


1961 621 .315 
Siemens-Zeitschrift, Marz, S. 140. 

LINKE (G.). — Ubertragungsleistungen und -yerluste 
yon Olkabeln. (2 750 Worter & Abb.) 


1961 6212315 
Siemens-Zeitschrift, Marz, S. 173. 
FUSSAN (R.). — Neuerungen zur Bestimmung des 


Wirkungsgrades von Maschinen nach dem Auslaufyer- 
fahren. (3 400 Worter & Abb.) 


1961 621 .314 
Siemens-Zeitschrift, Marz, S. 181. 

GEISSING (H.) & MOLTGEN (G.). — Uber die 
Blindleistung beim Stromrichter mit Nullanoden. (2 700 
Worter & Abb.) 


Signal und Draht. (Frankfurt am Main.) 


1961 
Signal und Draht, Marz, S. 33. 
GANSEFORTH (J.). Die « Einheit » als Baustein 
fiir Stellwerksanlagen. (2 000 Worter & Abb.) 


656 .257 


1961 621 .31 


Signal und Draht, Marz, S. Sie } 

LANG (F.). — Schleuderbetonmaste und Leichtluft- 
Fernkabel fiir Fernmeldefreileitungen. (1 700 Worter, 
Tabellen & Abb.) 


1961 625 .151 


Signal und Draht, Marz, S. 40. ‘ 
BORJES (H.). — Bauformen der Weichenheizungen. 
(3 000 Worter & Abb.) 


In English. 


Electric Traction on the Railways. (Brussels.) 


1961 621 .316 
Bulletin of the International Railway Congress Asso- 
ciation — Electric Traction on the Railways, No. 2, 
February, p. 55. 
KEIL (A.) and MEYER (C.-L.). — The mechanical 
deformation of the contact parts by arcing during 
switching. (1 650 words & fig.) 


1961 621 317 
Bulletin of the International Railway Congress Asso- 
ciation — Electric Traction on the Railways, No. 2, 
February, p. 60. 
SCHROTER (G.). — Determining the excess temper- 
ature by measuring the resistance of armature windings 
with equipotential connections. (2400 words & figs.) 


1961 621 .315 
Bulletin of the International Railway Congress Asso- 
ciation — Electric Traction on the Railways, No. 2, 
February, p. 72. 
BAATZ (H.). — Spraying high-tension lines with 
fire hoses. (3 200 words & figs.) 


1961 621 .431 72 
Bulletin of the International Railway Congress Asso- 
ciation — Electric Traction on the Railways, No. 2, 
February, p. 83. 
Air-intake louvres. (1 100 words & figs.) 


1961 621 .335 (42) 
Bulletin of the International Railway Congress Asso- 
ciation — Electric Traction on the Railways, No. 2, 
February, p. 86. 
British Railways high-voltage A.C. locomotives. (1 250 
words & figs.) 
1961 621 .431 .72 (6) 
Bulletin of the International Railway Congress Asso- 
ciation — Electric Traction on the Railways, No. pa 
February, p. 91. 
: pee peinb locomotives for East Africa. (1 400 words 
gs.) 


— 73 


1961 621 .432 (492) 
Bulletin of the International Railway Congress Asso- 
ciation — Electric Traction on the Railways, No. 2, 
February, p. 96. 
The new diesel engines, cooled by the fuel oil, made 
for the type 200-300 locomotives of the N.S. (1 000 words 
»& figs.) 
1961 621 .316 
Bulletin of the International Railway Congress Asso- 
ciation — Electric Traction on the Railways, No. 2, 
February, p. 102. 
New Books AND PUBLICATIONS. — PLATH (W.). — 
Die Niederspannungs Schaltanlagen (Low-fension switch- 
gear installations). (300 words.) 


The Engineer. (London.) 


1961 
The Engineer, March 17, p. 423. 
Tunnelling in London clay. (2 400 words & figs.) 


625 .13 (42) 


1961 
The Engineer, March 24, p. 445. 
Passenger car brake testing. (7 000 words & figs.) 


625 .251 (42) 


1961 
The Engineer, March 31, p. 529. 
Long-welded railway track in the Netherlands. (2 400 
words & figs.) 


625 .144 .1 (492) 


Engineering. (London.) 
1961 625 .13 (42) 
Engineering, March 24, p. 414. 
No-bolt linings halve tunnelling time. (3 200 words & 
figs.) 


1961 624 .5 (42) 
Engineering, March 31, p. 448. 
The Forth road bridge superstructure. (6 000 words & 


figs.) 


Far East Trade. (London.) 


1961 621 43172 
For East Trade, April, p. 468. 
Rolls-Royce diesel power for railways. (600 words 
& figs.) 
Gas and Oil Power. (London.) 
1961 621 .438 (73) 


Gas and Oil Power, March, p. 130. } 
REES (H.). — Running experience with gas turbine 
locomotives at 8 500 HP. (1 600 words & figs.) 


Indian Construction News. (Calcutta.) 


1961 621 .33 (54) 
Indian Construction News, December, p. 49. 
PADMANABHAN (N.). — 25 kV A.C. traction 


overhead equipment on Indian Railways. (3 000 words & 
figs.) 


1961 621 .33 (54) 
Indian Construction News, December, p. 60. 


MAJUMDAR (J.). — Foundations and structures for 
25 kV A.C. overhead equipment. (5000 words & figs.) 


The Journal of the Institute of Transport. 
(London.) 


1961 385 (42) 
The Journal of the Institute of Transport, March, p. 67. 
JOHNSON (H.C.). — Organisation. (3 000 words.) 


1961 625 (42) & 656 .2 (42) 
The Journal of the Institute of Transport, March, p. 82. 

CAMPBELL (I.M.). — The planning and execution of 
railway engineering works in relation to traffic requirements. 
(5 800 words.) 


International Railway Journal. (The Hague.) 


1961 621 .338 (494) 
International Railway Journal, March, p. 18. 
Swiss Railways get new train sets. (2 000 words & figs.) 


1961 656 .211 .7 (47) 
International Railway Journal, March, p. 24. 

AVE TIKIAN (A.A.). — USSR: Trans-Caspian 
ferry will cut railway costs. (900 words & figs.) 


1961 385 (09 (43) 
International Railway Journal, March, p. 26. 
German Federal’s 126th year. (2 200 words & figs.) 


1961 625 2111 
International Railway Journal, March, p. 34. 
ZARZYCKI (J.M.). — Aerial surveys can speed rail- 


way design and location. (2 000 words & figs.) 


1961 625 .142 .4 
International Railway Journal, March, p 38. 
Zig-zag sleepers gives greater track strength. (1 400 


words & figs.) 


Modern Railroads. (Chicago.) 


1961 656 .25 (73) 
Modern Railroads, March, p. 73. 

MYERS (E.T.). — UP adds main line microwave. 
(5 000 words & fig.) 


1961 625 .242 (73) 

Modern Railroads, March, p. 81. 
DONNELLY (C.W.). — Roanoke shop builds 2 000 

high capacity hoppers, to handle volume coal traffic with 


increased efficiency. (800 words & figs.) 


oe) es 


1961 656 .223 (73) 
Modern Railroads, March, p. 85. 


TTX : Five years of growth. (1 600 words & figs.) 


1961 625 .172 (73) 
Modern Railroads, March, p. 101. : 
DONNELLY (C.W.). — Pennsy crops rail in-track. 


(900 words & fig.) 


Modern Transport. (London.) 


1961 625 .1 (0 (42) 
Modern Transport, February 18, p. 10; March 4, p. 5. 

TERRIS (A.K.). — Permanent Way. — Recent history 
and future prospects. (3 500 words.) 


1961 625 
Modern Transport, February 18, p. 12. 

Automatic level crossing in operation. (400 words & 
figs.) 


1961 
Modern Transport, February 25, p. 3. 
KUBALE (J.C.). — Automatic marshalling yards 
(to be continued). (16 00 words.) 


.162 (42) 


656 .212 .5 (42) 


1961 625 .242 & 625 .247 
Modern Transport, February 25, p. 11. 

Sliding wagon roofs. A waterproof replacement for 
tarpaulins. (600 words & fig.) 


Railway Age. (New York.) 
1961 
Railway Age, January 16, p. 49. 
MONROE (J.ELMER). — 1960 Review of railway 
operations. (9 000 words & figs.) 


385 (73) 


1961 625 
Railway Age, January 30, p. 35. 
PFE cars cut shipping costs. (1 000 words & figs.) 


.244 (73) 


1961 656 .212 .5 (73) 
Railway Age, February 20, p. 16. 
McKNIGHT (R.W.). — Automatic classification 


yards : What they will and won’t do. (1 500 words & figs.) 


The Gazette. (London.) 


1961 625 
The Railway Gazette, March 10, p. 280. 
Large-capacity tank wagon. (400 words & fig.) 


Railway 


245 (42) 


1961 656 
The Railway Gazette, March 10, p. 283. 


McCALL (R.W.). — Signal post telephones in the 
Scottish Region. (1 200 words & figs.) 


25 (42) 


1961 
The Railway Gazette, March 10, p. 285. 


Two-car electric trains for the Spanish National Rail- 
ways. (600 words & figs.) 


621 .338 (460) 


1961 625 .215 
The Railway Gazette, March 17, p. 305. , 

KOFFMAN (J.L.). — Carriage and railcar bogies : 
their design and development — I (fo be continued). (1 600 
words & figs.) 

1961 656 .212 .5 (42) 
The Railway Gazette, March 17, p. 309. 

Freight modernisation in the Sheffield area. (800 words 
& fig.) 

1961 621 
The Railway Gazette, March 17, p. 311. 

The economics of American diesel traction. (700 words 
& fig.) 


.431 .72 (73) 


1961 
The Railway Gazette, March 24, p. 333. 
LAYHE (A.C.). — Mechanisation of permanent way 
works in the North Eastern Region. (2 200 words, table 
& figs.) 


625 .172 (42) 


1961 
The Railway Gazette, March 24, p. 337. 
Plastic relay room in the Eastern Region. (400 words & 
fig.) 


1961 
The Railway Gazette, March 24, p. 338. 
Tunnel driving and construction using new shield and 
linings. (1 500 words & figs.) 


621 .33 (42) 


625 .13 (42) 


Diesel Railway Traction. (London.) 


621 .431 .72 
Review Number, 


1961 
Diesel Railway Traction, 
February, p. 41. 
Practice and progress in 1960 : Great Britain, Europe, 
Ireland, Australasia, Asia, Africa, South America, 
Central America and West Indies, North America (48 
pages, illustrated.) 


Annual 


1961 621 .431 
Diesel Railway Traction, March, p. 91. 

New Diesel trains in the Netherlands. (5 000 words & 
figs.) 


-72 (492) 


1961 621 .431 
Diesel Railway Traction, March, p. 107. 

Medium power locomotives in Switzerland. (3 200 words 
& figs.) 


72 (494) 


1961 621 .431 .72 (73) 
Diesel Railway Traction, March, p. 113; April, p. 143. 


Diesel traction development in U.S.A. (6 600 words, 
tables & figs.) 


Railway Locomotives and Cars. (New York.) 


1961 621 .431 .72° Cay 
Railway Locomotives and Cars, February, p. 21. 
KUGEL (F.). — For Diesel locomotive applications ... 
hydraulic drives have high capacity. (2 200 words & figs.) 


= YS 


1961 _ 621.431 .72 (73) & 656 .25 (73) 
Railway Locomotives and Cars, February, p. 36. 


TURNER (N.N.). — Radio-controlled GE locomotive. 
(1 500 words & figs.) 


The Railway Magazine. (London.) 


1961 
The Railway Magazine, April, p. 235. 


First B.R. automatic level crossing barriers. (500 words 
.& figs.) 


625 .162 (42) 


Railway Signaling and Communications. 
(New York.) 


1961 625 .162 (73) 
Railway Signaling and Communications, March, p. 19. 
Reading improves 13 crossings. (2 200 words & figs.) 


Trains Illustrated. (London.) 


1961 621 .431 .72 
Trains Illustrated, March, p. 139; April, p. 221. 
HARESNAPE (B.A.). — Design on the Railway. 


(Parts I-II) (to be continued). (2 800 words & figs.) 


1961 
Trains Illustrated, March, p. 151. 
English Electric gas turbine locomotive begins road 
trials. (S00 words & figs.) 


621 .438 (42) 


1961 
Trains Illustrated, March, p. 175. 
Interim report on the Glasgow suburban electric train 
failures. (700 words.) 


621 .33 (42) 


In Spanish. 


Ferrocarriles y Tranvias. (Madrid.) 


1960 621 AS .5 
Ferrocarriles y Tranvias, vol. 26-XI, n° 303, p. 284. 

GIESL-GIESLINGEN (A.). — El eyector horizontal 
Giesl. Nuovo dispositivo para aumentar el rendimiento 
y la economia en las locomotoras a vapor. (2 000 palabras 
& fig.) 

1960 625 .17 
Ferrocarriles y Tranvias, vol. 26-XI, n° 303, p. 288. 

BRETON (J.J.). — Conservacion manual metédica de la 
via. (1 500 palabras.) 


1960 621 .33 (42) 
Ferrocarriles y Tranvias, vol. 26-XI, n° 303, p. 291. 

WILLIAMS (A.L.). — El Iaboratorio |britanico de 
electrificacion. (600 palabras & fig.) 


1960 : : 656 .2 (460) 
Ferrocarriles y Tranvias, vol. 26-XI, n° 303, p. 295. 
Las inyersiones ferroviarias. (4 000 palabras.) 


In Italian. 


Ingegneria Ferroviaria. (Roma.) 


1961 621 .3 


Ingegneria Ferroviaria, febbraio, p. 105. 
BELLOMI (C.). — Le reti complesse nell’ algebra dei 
circuiti yariabili. (5 000 parole & fig.) 


1961 
Ingegneria Ferroviaria, febbraio, p. 119. 
PASTORELLI (M.). — La nuova funicolare di Capri. 
(5 000 parole & fig.) 


625 .5 (45) 


1961 
Ingegneria Ferroviaria, febbraio, p. 131. 
GIOVANARDI (G.). — Impiego del metodo grafico di 
Lehmann per il tracciamento dei campi nella progettazione 
delle macchine elettriche. (3 000 parole & fig.) 


621 .3 


1961 
Ingegneria Ferroviaria, febbraio, p. 147. 
SBARACCANI (F.). — La trasmissione delle infor- 
mazioni al servizio di una grande rete ferroviaria. (3 000 
parole.) 


656 .254 


1961 
Ingegneria Ferroviaria, febbraio, p. 151. 
SANTORO (F.). — Produttivita tecnica e andamento 
economico delle ferrovie. (2 500 parole.) 


656n2 


1961 621 .138 (45) 
Ingegneria Ferroviaria, febbraio, p. 159. 
CHELLA (R.). — La nuova rimesse automotrici di 


Siena. (900 parole & fig.) 


Politica dei Trasporti. (Roma.) 


1961 656 (45) 
Politica dei Trasporti, gennaio, p. 24. 
SANTORO (F.). — Struttura economica dell’ organiz- 


zazione dei trasporti in Italia. (4 000 parole & fig.) 


1961 : 656 (42) 
Politica dei Trasporti, gennaio, p. 31. ; 
Il Libro Bianco del Goyerno Britannico sui trasporti. 


(2 500 parole.) 


Rivista di Ingegneria. (Milano.) 
1961 691 
Rivista di Ingegneria, marzo, p. 245. 
BARBERIS (A.). — Considerazioni sulla corrosione 
atmosferica dei metalli. (1 700 parole & fig.) 


wale Sg 


Trasporti Pubblici. (Roma.) 
1960 625 .25 
Trasporti Pubblici, settembre-ottobre, p. 1211. 
POLESE (A.). — L’impiego del freno a disco nel mate- 
riale ferroviario. (Risultati di prove sperimentali.) (4 000 
parole, tabelle & fig.) 


1960 656 (06 

Trasporti Pubblici, settembre-ottobre, p. 1229. 
FONTANELLA (G.). — Il problema della regolamen- 

tazione comune dell’ esercizio internazionale dei trasporti 


terrestri. (5 000 parole & tabelle.) 


1960 621 .33 (45 + 494) 
Trasporti Pubblici, settembre-ottobre, p. 1277. 

DARD (M.). — Completamente elettrificate le linee 
dirette da Genova per la Svizzera. (2000 parole & fig.) 


In Netherlands. 


De Ingenieur. (Den Haag.) 


1961 691 
De Ingenieur, n™ 12, 24 maart, p. Bt. 29. 
HAAS (A.M.). — Schaaldaken van geprefabriceerd 


beton. (3 000 woorden & fig.) 


Spoor- en Tramwegen. (Den Haag.) 


1961 
Spoor- en Tramwegen, n* 6, 23 maart, p. 91. 
VERBEEK (J.L.). — Doorstromingsmogelijkheden in 
een knooppunt van rijwegen bij treinverkeer. (1 000 woor- 
den & fig.) 


656 .21 


1961 656 .2 (931) 
Spoor- en Tramwegen, n™ 6, 23 maart, p. 94 en nt 7, 
6 april, p. 118. 
VAN BIJNEN (J.). — De spoorwegen in Nieuw-Zee- 
land. IV-V. (Vervolg.) (1 900 woorden & fig.) 


1961 . 621 .431 .72 (492) 
Spoor- en Tramwegen, n™ 6, 23 maart, p. 96 en n* 7, 
6 april, p. 115. 
MAURER (J.J.), MOOLHUIZEN (Chr.) en VAN 
OMME (N.). — De dieselelektrische drierijtuigstellen 
serie 111-125 van de N.S. (S/ot.) (3 500 woorden & fig.) 


1961 721 .1 (492) 
Spoor- en Tramwegen, n" 6, 23 maart, p. 100. 

MEIJNEN (W.). — De fundering van het post- en 
rijwielperron te Tilburg. Diepte-yerdichting van grond 
volgens het « Riitteldruckverfahren » voor de 
maal bij de N.S. toegepast. (2 000 woorden & fig.) 


eerste 


1961 385 .586 (492) 
Spoor- en Tramwegen, n" 7, 6 april, p. 107. 

NOTEBAART (J.C.). — De opleiding van het spoor- 
wegpersoneel bij de N.S. (2 200 woorden & fig.) 


1961 656 .2 (73) 


Spoor- en Tramwegen, n* 7, 6 april, p. iM 
Russen in de U.S.A. Veel gezien en gehoord; maar 
weinig dat beter is dan bij ons. (2000 woorden & fig.) 


1961 656 .1 (44) & 656 .2 (44) 
Spoor- en Tramwegen, n™ 7, 6 april, p. 121. 

HUPKES (G.). — « Rail-route »-systemen uit Frank- 
rijk. De open zelflosser. (1 000 woorden & fig.) 


In Polish (= 491 .85). 


Przeglad Kolejowy. (Varsovie.) 
1959 625 .23 = 491 .85 
Przeglad Kolejowy, aout, p. 287. 
PUZYNA (C.). — Résultats des mesures du bruit sur- 
yenant pendant le mouvement des yoitures. (2 600 mots 
& fig.) 


1959 656 .261 = 491 .85 
Przeglad Kolejowy, aout, p. 297. 
MICHALSKI (C.). — Livraison individuelle et centra- 


lisée des marchandises de détail. (3 300 mots & tableaux.) 


1959 
Przeglad Kolejowy, aout, p. 304. 
KRZETOWSKI (S.). — Moteurs a combustion interne 
dans les transmissions ferroviaires modernes. (5 200 mots 
& fig.) 


621 .43 = 491 .85 


1959 385 (07 (438) 
Przeglad Kolejowy, septembre, p. 321-360. 

Plusieurs auteurs. — Numéro entiérement consacré a 
Vorganisation et aux travaux des différentes sections de 
VInstitut Central des recherches et du développement 
ferroviaire a Varsovie. (19 000 mots & fig.) 


- 491 .85 


1959 625 .215 = 491 Va 
Przeglad Kolejowy, octobre, p. 372 et novembre, p. 407. 

SOBOLEWSKI (H.). — Inscription dans les courbes et 
les aiguilles des yoitures 4 bogies. (3 800 mots & fig.) 


1959 
Przeglad Kolejowy, octobre, p. 384. 
WOLFRAM (T.). — Comparaison des systémes fon- 
damentaux de transmission hydraulique. (2 500 mots & 
hig.) 


621 .8 = 491 .85 


1959 385 .114 
Przeglad Kolejowy, octobre, p. 394. 

RATAJCZAK (K.). — Les frais normalisés dans le 
transport ferroviaire. (1 600 mots.) 


491 .85 


1959 656 .2 (438) = 491 .85 
Przeglad Kolejowy, novembre, p. 401. 


WROBEL (S.). — Développement de la technique ferro- 


viaire dans la période de quinze années de la Pologne | 


Populaire. (3 500 mots.) 


1959 625 .143 .4 (438) = 
Przeglad Kolejowy, novembre, p. 411. 
NEKANDA-TREPKA (L.). — Soudure a V’are des 
ils dans les voies sans joints aux PKP. (2 000 mots & fig.) 


491 .85 


1959 

zeglad Kolejowy, novembre, p. 424. 
ADAMCZYK (K.). — Recherches sur la propriété 
structrice de la moisissure de l’huile de houille. (1 400 
ots, tableaux & fig.) 


691 = 491 .85 


1959 656 .235 - 
Przeglad Kolejowy, décembre, p. 441. 
KRAJEWSKI (T.). — Problémes d’un nouveau tarif 
archandises dans les transports ferroviaires. (3 300 
ots.) 


491 .85 


1959 385 .114 = 491 .85 

‘Przeglad Kolejowy, décembre, p. 455. 
MICHALSKI (C.). — Méthode pour définir les prix 
revient du transport dans le funiculaire 4 voyageurs. 
3 100 mots & tableaux.) 

1959 
Przeglad Kolejowy, décembre, p. 462. 

STANKIEWICZ (L.). — Freins électro-pneumatiques. 
2 500 mots & fig.) 


625 .25 = 491 .85 


In Rumanian (= 599). 


Revista Cailor Ferate. (Bucarest.) 


1959 625 .143 .4 = 599 
Revista Cailor Ferate, mai, p. 231. 
DISLI (N.). — Probleme des joints de dilatation dans 


les longues barres. (3 100 mots & fig.) 


1959 625-141 — 599 
Revista Cailor Ferate, mai, p. 245. 
ENACOVICI (V.G.). — Formation des sacs de ballast 


et moyens d’y remédier. (3 500 mots & fig.) 


1959 624 = 599 
Revista Cdilor Ferate, mai, p. 253. 
POPESCU (C.). — Phénoméne d’amortissement et de 


résonance dans les ponts ferroyiaires. (5 600 mots & fig.) 


624 .3 = 599 


1959 
Revista Cdilor Ferate, juin, 287. 
CIOCIRLAN (N.). — Réparation et consolidation des 
treillis métalliques des ponts sans emploi d’échafaudage. 
(3 600 mots & fig.) 


656 .221 = 599 


1959 
Revista Cailor Ferate, juin, p. 295. 2 
POPESCU (C.) et GRIGORESCU (N.). — Résistance 


au mouvement des wagons. (5 300 mots & fig.) 


385 .5 


1959 599 


Revista Cailor Ferate, juin, p. 305. ; 
BOLOS (M.). — Application de la science de psycholo- 


gie au trayail ferroviaire. (2 600 mots.) 


77 — 


1959 
Revista Cailor Ferate, juillet, p. 343. 
FRINCU (P.). — L’étude et I’élaboration du graphique 
de marche et du systéme de changement des équipes. 
(2 900 mots, tableaux & fig.) 


656 .222 .5 = 599 


1959 621 .31 = 599 
Revista Cailor Ferate, juillet, p. 350. 
SOR (C.). — Equipement des lignes aériennes ayec un 


systéme de transmission a courants porteurs. (3 400 mots 
& fig.) 
1959 
Revista Cailor Ferate, juillet, p. 356. 
GIUREA (G.). — Réduction du temps d’immobilisation 
des véhicules pendant leur réparation grace a la propaga- 
tion et le perfectionnement de la méthode de la réparation 
par chaine. (3 200 mots.) 


625 .26 = 599 


1959 656 .211 (498) = 599 
Revista Cailor Ferate, juillet, p. 373. 

MITRAN (G.). — L’évolution de la Gare du Nord a 
Bucarest. (2 900 mots & fig.) 


1959 
Revista Cailor Ferate, aoat, p. 399. 
COVACI (G.). — Les Chemins de fer Roumains dans 
les quinze années aprés la Libération. (2 600 mots & fig.) 


656 .2 (498) = 599 


1959 625 .141 = 599 
Revista Cailor Ferate, aoat, p. 409. 

ENACOVICI (V.G.). — Lutte contre la formation de 
sacs de ballast a l’aide d’injections de ciment. (4 800 mots 
& fig.) 


1959 6250-23599 
Revista Cailor Ferate, aout, p. 418. 
HARASTASANU (E.). — Lutte contre le bruit dans 


les yoitures 4 voyageurs. (4 400 mots & fig.) 


1959 621 .39 = 599 
Revista Cailor Ferate, aoat, p. 425. 

PERCIUN (N.). — Théorie de la transmission des 
informations a l’aide des canaux électriques. (4 500 mots 
& fig.) 

1959 625 .143 .4 = 599 
Revista Cailor Ferate, septembre, p. 463. 

ANTONESCU (I.). — Soudure de rails par étincelage 
électrique et pression. (4.000 mots & fig.) 


1959 621 7.13477 599 
Revista Cailor Ferate, septembre, p. 473. 

BUNESCU (A.). — Considérations sur les causes des 
ruptures des bielles de locomotives. (2 800 mots & fig.) 


1959 656 .259' = 599 
Revista Cailor Ferate, septembre, p. 489. 
GOILAV (E.). — Réglage des circuits de yoie. (2 300 


mots, tableaux & fig.) 


In Russian (= 491 .7). 


Pout’ i Poutyévoié Khosiaistvo. (Moscou.) 


1959 625%,1425.2)\—= 45 ee 
Pout’ i Poutyévoié Khosiaistvo, juillet, p. 4. 

FOMINE (E.D.). — Automatisation des chantiers 
d’imprégnation de traverses. (500 mots & fig.) 


1959 656 2 == 49107 
Pout’ i Poutyévoié Khosiaistvo, juillet, p. 6. 

TSIGUELNY (P.M.). — L’atome dans l’exploitation 
ferroviaire. (900 mots & fig.) 


1959 6257143 oa eee 
Pout’ i Poutyévoié Khosiaistvo, aout, p. 7. 

BYELYAKOY (N.S.). — Nouveau dispositif d’auscul- 
tation des rails (défectoscope) URD-58. (1 100 mots & 
fig.) 


1959 625.143, = 491 .7 
Pout’ i Poutyévoié Khosiaistvo, aoiit, p. 30. 

ALBRECHT (W.G.). — Les longs rails. (1 700 mots, 
tableaux & fig.) 


1959 6251 = Bier 
Pout’ i Poutyévoié Khosiaistvo, septembre, p. 8. 
KROUTOGOLOV (G.V.) et ORLOV (G.A.). — 


Outillage de DRAGOVTSEY pour la réfection de la yoie. 
(1 600 mots & fig.) 
1959 625 .14 = 491 .7 
Pout’ i Poutyévoié Khosiaistvo, septembre, p. 12. 
LVITSINE (A.M.). — Les mesures et le calcul pour la 
compensation de la dilatation de la yoie. (1 700 mots & fig.) 


1959 625: .143 .3 = 491 .7 
Pout’ i Poutyévoié Khosiaistvo, septembre, p. 22. 

KOROLKOV (N.M.). — Usure des rails dans les 
courbes de petit rayon. (1 300 mots & fig.) 


TS —= 


1959 625 .144 = 491 .7 
Pout’ i Poutyévoié Khosiaistvo, octobre, p. 4. 

FEDORTCHENKO (R.Y.). — Pose de la voie sans 
joints. (1 100 mots & fig.) 

1959 625.143 .4 = 49109 
Pout’ i Poutyévoié Khosiaistvo, octobre, p. 6. 

PYERCHINE (S.P.) et collaborateurs. — Observations 
sur la stabilité de la voie sans joints. (800 mots & fig.) 


1959 625 .142 .4 = 491 9 
Pout’ i Poutyévoié Khosiaistvo, octobre, p. 12. 

CHOULGA (W.Y.). — Sur l’intérét de l’emploi de 
traverses en béton armé. (1 400 mots & fig.) 


1959 625 .141 = 491 
Pout’ i Poutyévoié Khosiaistvo, novembre, p. 2. 

BLOKHINE (K.A.). — Problémes de la mécanisation 
du nettoyage du ballast. (1 600 mots.) 

1959 621. 31 = 491s 
Pout’ i Poutyévoié Khosiaistvo, novembre, p. 7. 

IVANOV (E.R.). — Alimentation énergétique des uti- 
lisateurs le long de la yoie. (1 100 mots & fig.) 


1959 625...151 = 4915 
Pout’ i Poutyévoié Khosiaistvo, novembre, p. 16. 

KHARLAMOY (W.F.). — Nettoyage des aiguilles 4 
Yair comprimé. (1 400 mots & fig.) 


1959 625 .13.= 4918 
Pout’ i Poutyévoié Khosiaistvo, décembre, p. 14. 

CHIROKOY (A.P.). — Renforcement des tunnels et 
des installations souterraines a |’aide de barres. (900 mots 
& fig.) 

1959 625 .141 = 491 .7 
Pout’ i Poutyévoié Khosiaistvo, décembre, p. 19. 

SIDORENKO (L.T.). — Nouveaux équipements pour 
les usines de ballast. (1 500 mots & fig.) 


M. Weissenbruch & Co., Ltd., Printer to the King, 49, rue du Poingon, Bruxelles 


THE ULTIMATE AIM IS 100°/. ROLLER BEARINGS 


At a meeting of Nordiska Jarnvagsmannasdllskapet (The Scandinavian Railwaymen’s Association) in Oslo on Sth—6th May, 1959, 
a lecture was given entitled ‘Solid or built-up wheels’. The following quotation from this lecture was published in the November 
1959 issue of the Nordisk Jarnbanetidskrift (Scandinavian Railway Journal) : 

“Defects which have caused us most trouble in Sweden are hot running with plain bearings, cracked wheel seats, loose tyres, 
and flats on the tyres. Measures taken during the 1950s resulted in the number of cases of hot running being reduced consider- 
ably, from 9.3 goods wagons per million wagon-axle miles in 1951 to 0.6 in 1958. This favourable development was largely 
brought about by substantial investments in conversions from plain bearings to roller bearings. The ultimate aim is 100% 
roller bearings. ; 

It was hardly necessary to calculate whether or not this would be economic, since this was self-evident in the light of the following 
advantages which weigh heavily in favour of roller bearings : 

1) The costs arising out of normal hot running and of severe hot running resulting in broken journals and derailments are reduced. 
2) Periodic lubrication of bearings between overhauls is no longer necessary. 

3) The interval between overhauls of goods wagons has been increased from 3 to 4 years. 

4) Wheels fitted with roller bearings have less frictional resistance.” 
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